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ABSTRACT 
The computer code for an advanced dynamic airfoil model 
(ADAM) is described. The code is capable of calculating 
steady or unsteady flow over two-dimensional airfoils with 
allowances for boundary layer separation. Specific types of 
airfoil motions currently installed are steady rectilinear 
motion, impulsively started rectilinear motion, constant 
rate pitching, sinusoidal pitch oscillations, sinusoidal 
lateral plunging, and simulated Darrieus turbine motion. 
Other types of airfoil motion may be analyzed through simple 
modifications of a single subroutine. The code has a 
built-in capability to generate the geometric parameters for 
a cylinder, the NACA four-digit series of airfoils, and a 
NASA NLF-0416 laminar airfoil. Other types of airfoils are 
easily incorporated. The code ADAM is currently in a state 
of development. It is theoretically consistent and complete. 
However, further work is needed on the numerical 
implementation of the method. Details of the method and a 
description of the accuray limitations of the current 
numerical implementations may be found in A Numerical Model 
for Unsteady Two-Dimensional Flow Calculations with Flow 
SeDaration, SAND86-7183. 
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NOMENCLATURE 

- Normal influence velocity coefficient due to an airfoil vorticity 
e 1 ement . A i  j 

- Normal influence velocity coefficient due to a wake element. on 
Aik the trailing edge wake. 

A;, - Normal influence velocity coefficient due to a wake element on 

t 

the boundary layer separation surface. 

C - Airfoil chord length. 

C -  - Skin friction coefficient. t 
-b n - Normal unit vector at a potential source point. 

n 

NE - Number of elements on the airfoil. 

-b - Normal unit vector on the nascent trailing edge wake element. TE 

NS - Number o f  elements on the separated boundary layer wake surface. 

NT - Number of elements on the trailing edge wake surface. 

P - Pressure. 

P - Freestream pressure. 

R - Magnitude o f  the vector connecting a potential source point to a 
QD 

field point. 
.w 

R, R - Dimensional and nondimensional radius of a Darrieus turbine. 

S - Surface coordinate along the airfoil surface. 

S - Surface of the airfoil. 

t, t - Dimensional and dimensionless time. 
N 

.+ 
U - Total fluid velocity vector. 

U - Edge velocity on the airfoil surface. 

U - Relative velocity between the airfoil and the freestream. 

U - Relative velocity between a Darrieus turbine blade and the 

-b 

e 

r 

r 

+ 

* 

freestream. 

ua - Freestream velocity magnitude. 

vi 



* - Freestream velocity in a Darrieus 
uoo 

W - Wake surfaces. 

Xa,Ya,Xa,Ya - Dimensional and dimension 
- -  
N 

turb ne ana 

ess airfo 

- Dimensional and dimensionless max 
d i sp 1 acement . 

ysis. 

1 coordinates. 

mum periodic lateral 

a - Angle of attack. 

Y - Surface vorticity strength. 

I? I‘ r r - Circulation associated with vorticity on the airfoil, on 
the boundary layer separation wake, on the trailing edge 
wake, and in the complete flow field. 

b’ ” t’ net 

* 
6 - Displacement thickness. 

0 - Momentum thickness. 
- Angle of attack parameter. 

x - Darrieus tip-to-windspeed ratio. 

lJ - Source strength distribution on the airfoil surface. 

V - Surface unit normal at a field point. 

n - 3.14159. .. 
P - fluid density. 

d - Doublet strength Gistr 

41 - Disturbance potential. 

w,o - Dimensional and dimens 
.., 

bution on the airfoil surface. 

onless angular rotation rate. 





1 .  INTRODUCTION 

To reduce the peak power output o f  a Darrieus turbine without adversely 
affecting its performance in the low and medium windspeed ranges, it is 
necessary to tailor the dynamic stall characteristics o f  its blade 
sections. Experimental investigations have shown that power regulation 
may be achieved through the design of blade sectlons which either 
passively exhibit the desired dynamic characteristics or have provisions 
for active boundary layer control. A numerical model provides an 
economical method for evaluating the potential usefulness o f  candidate 
airfoil sections. To fully characterize the performance o f  an airfoil, 
the model should be capable of  predicting the aerodynamic loads on 
the airfoil in steady and unsteady motion with possible boundary layer 
separation. 

The aerodynamic model ADAM, whose numerical code is described herein, is 
theoretically capable of performing these analysis functions. However, 
in its current state of development, predictions of separated flows 
cannot be reliably made due to problems associated with identifying the 
boundary layer separation point. Work in this area is continuing. A 

in basis of ADAM may be found 
52-3727. 

complete description o f  the theoretica 
the final report for Sandia Contract No. 

The objective for the current report i s  to provide a description of the 
execution and operation o f  the nwnerica code. In Chapter 2 ,  a brief 
description of the theoretical basis of ADAM and the analysis options 
currently installed in the program are given. Chapter 3 contains 
descriptions of the input requirements, program output, program 
structure, subroutine functions, and definitions for the common block 
variables. A complete listing of the program is given in the appendix 
with the routines listed in alphabetic sequence. The complete FORTRAN 
77 source for ADAH is available on magnetic tape and MS-DOS diskette. 



2. MODEL DESCRIPTION 

2.1  Theoretical Basis 

The basic theoretical approach involves a coupled viscid/inviscld 
representation of the flow around an airfoil. Viscous effects are 
restricted to a thin boundary layer extending from the stagnation point 
near the leading edge of the airfoil to the trailing edge or possibly, 
to a boundary layer separation point. The inviscid flow field is 
modeled as an irrotational flow with the boundaries represented by 
surfaces of distributed potential singularity. These boundaries include 
wake surfaces extending from the trailing edge and any boundary layer 
separation points. Flow calculations are started from a state of uniform 
motion for steady, unseparated flows or impulsively for Unsteady flows 
and flows with posslble boundary layer separation. Solutions are 
achieved through an incremental time stepping process. 

The boundary layer calculations are based upon a momentum integral 
approach for which the basic equation is 

au l a  ae 1 e - -(u 6 ) -t as -t Z ( 2 e  
e 2 at e 

e U 
* 

where u-, 6 , 8, and C, are the edge velocity, momentum thickness, 
di splac&nt thickness, And skin f r  i ct i on coeff i ci ent , respect 1 vel y. 
The calculations begin at the stagnation point with initial conditions 
based upon wedge flow solutions. Laminar flow calculations are 
continued until transition is triggered by laminar separation and 
turbulent reattachment or through laminar instabilities. If complete 
laminar separation does not occur, turbulent boundary layer calculations 
are continued to the trailing edge or an intermittent turbulent boundary 
layer separation point. 

The various flow regimes involved in the boundary layer calculations are 
illustrated in Fig.1. 

For the irrotational f l ow  calculations, the velocity vector at any point 
in the flow i s  given by 

+ +  u = um + v+ 
+ where potential 

associated with the presence of the airfoil and wake surfaces in the 
flow. The governing equation f o r  + is the well-known Laplace equation 
for which any solution may be written in the form 

um is the freestream velocity and + is the disturbance 

2 



l a m i n a r  s e p a r a t i o n  
b u b b l e  

t u r b u l e n t  s e p a r a t i o n  

s t a g n a t i o n  
p o i n t  

- 
e d g e  o f  b o u n d a r y  

s e p a r a t e d  f l o w  

e d g e  o f  b o u n d a r y  
layer 

Fig. 1 Boundary Laye r  Flow Regimes 
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In Eq. 3 ,  the potential field is given in terms of unknown doublet and 
source distributions on the airfoil and doublet distributions on the 
wake surfaces. These unknown distributions are determined through the 
application of boundary conditions and the development of a time 
dependent solution in which the wake properties are known at each 
solution instant. 

The kinematic surface tangency condition requires that the normal 
relative velocity between the fluid and airfoil surface be zero. This 
boundary condition may be expressed as 

Applying Eq. 4 to the general expression for the disturbance potential 
given in Eq. 3 yields 

In actual application, the doublet distributions on the airfoil and wake 
surfaces are replaced by equivalent vorticity distributions where the 
local vorticity strength is equal t.o the gradient of the doublet 
strength. 

Eq. 5 is made tractable for numerical solution by utilizing a panel 
representation of the airfoil and wake surfaces. On the airfoil, 
the vorticity and source distributions are piecewise linear. With the 
exception of the nascent wake element at the trailing edge (which has a 
linear vorticity distribution), the vorticity distributions on the wake 
surfaces are represented by lumped, discrete vortices. Boundary 
conditions on the airfoil are satisfied at the element centroids and the 
wake geometry is determined by tracking the motion of the discrete 
vort ices. 

Applying Eq. 5 to the NE element representation of the airfoil (shown in 
Fig. 2 )  with NT and NS wake elements on the trailing edge and separated 
wake surfaces, respectively, produces NE simultaneous equations, i.e., 

for  i = 1 to NE 
j = 1 to NE 
k = 1 to NT 
1 = 1 to NS. 

To uniquely define the circulation around the airfoil, a Kutta condition 
must be applied. For steady flow, this requires that the wake vorticity 
be removed to infinity and that the net vorticity at the trailing edge 
be equal to zero, i.e., 

4 
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For unsteady flows, the flow is required to come off of the trailing 
edge parallel to the trailing edge bisector. By establishing a control 
point on the nascent wake element, this condition may be enforced by 
requiring 

+ +  u nTE = 0. 

If boundary layer separation occurs, vorticity will be injected into the 
wake surface emanating from the separation point at the rate 

where ue is the edge velocity at the separation point. The rate of 
vorticity shedding at the trailing edge is determined by applying the 
Kelvin-Helmholtz vorticity conservation theorem, i.e., 

dTb dTs drt 
t-+-- - 0  drnet - - -  

dt - dt dt dt (10 )  

I' , and I' are the vorticity on the airfoil, separation point 
:!E:eakt tray 1 i ng edhe wake, respect i ve 1 y . 
A final boundary condition i s  chosen such that the local airfoil element 
source strength is equal to the negative o f  the normal velocity due to 
the relative velocity between the airfoil and freestream, i . e . ,  

-P -P u = - u  * v  r 
The source strength at the trailing edge is equal to zero. 

( 1 1 )  

The above boundary conditions provide (2*NEt2) equations for 
(Z*NEtNWtNStl) unknown source and vortex strengths on the airfoil and 
wake surfaces. Solutions for steady flows are accomplished by solving a 
reduced set of equations in which there are no wake terms and the 
Kelvin-Helmholtz theorem is inherently satisfied. So 1 ut ions for 
unsteady flows are accomplished by starting the motion impulsively so 
that there are initially no wake surfaces. Thereafter, the wake surface 
at each time step is generated on the basis of the previous time step's 
solution so that the wake terms in Eq. 6 are known at all times and the 
number of unknowns is reduced by (NS+NW-I). 

Once a solution for the source and vorticity strengths has been 
determined, the airloads can be calculated from the unsteady Bernoulli 
equat ion, 

Behind a boundary layer separation point, consideration must be given to 
the change in the total head of the flow by an amount equal to the 
vorticity shedding rate. 

6 



2.2 Analysis Options 

The current implementation of ADAM allows six basic types of solution: 

steady motion without boundary layer separation (Fig. 3 )  
* impulsively started rectilinear motion (Fig. 3 )  
* constant rate pitching motion (Fig. 4 )  
* slnusoidal pitch oscillations (Fig. 5 )  
* sinusoidal plunging motion (Fig. 6) 
* Simulated Darrieus motion (Fig. 7). 

For an airfoil in unsteady rectilinear motion, 
nondimensionalized to yield ,,, 

t = uJ/c 

In all solution types, the input and output parameters are 
nondimensionalized by the airfoil chord length and freestream velocity. 

the time scale is 

( 1 3 )  

An airfoil undergoing constant rate pitching has 
determined by 

a = eo+ wt 

and in nondimensional form as 

or N U  

a = e O + w t  

ts ang 

The corresponding relation for an airfoil in per-adic p 
is 

e of attack 

( 1 4 )  

tch oscillations 

or NU 

a = eo + cos ut (18) 

For an airfoil in periodic plunging motion, the instantaneous lateral 
position is given in nondimensional form as 

5- Leos-- wc U,,t 
- 

C C 

cos wt ' - 
ya - ymax 

(19) 

( 2 0 )  

A one-bladed Darrieus turbine i s  simulated by utilizing an unsteady, 
translational airfoil motion which produces the same angular orientation 
and relative velocity between the airfoil and fluid. 

Referring to Fig. 7, the approximate instantaneous relative velocity 
between the freestream and a Darrieus turbine blade i s  given by 

* 
u 2 RU + U ~ C O S  Ut r 

7 



An equivalent relative velocity can he generated in an unsteady 
translational airfoil motion by utilizing a freestream velocity 
equivalent to the blade-speed of the Darrieus turbine and an airfoil 
motion which produces a periodic relative velocity o f  magnitude equal to 
the actual freestream velocity, i.e., for the simulation, 

u = u-- u r a ( 2 2 )  

where uw= R u  
* 

u = -urn cos ut, a 

Nondimensionalizing by the freestream velocity (Rw in the simulation) 
and the airfoil chord length yields 

3 

uoa m c  U 

'Os c R = 1 t -  Ru Ru 
r - 

* -  1 u = 1 + - COS t/R r x 
or .% 

( 2 3 )  

( 2 4 )  

The time dependent airfoil translational position is found by 
integrating the airfoil velocity expression which yields 

* 
uoD x = - -  sin ut I ( 2 5 )  a u 

Nondimensionalizing by the freestream velocity (tip-speed) and chord 
length results in 

Rut c R 
C R w  c c R  sin - - - _ - -  'a - (26)  

or N N  

Xa= R/X sin t/R 

for the Darrieus turbine as represented in the simulation, the angle of 
incidence between the relative velocity vector and the blade is 

it 

u- s.in ut 

Rw + urn cos at 
- 1  

a = tan { * 3 '  

Nondimensionaliring yields 
Hut c sin c 

1 -1  
Rut c 
c R  

a = tan ( - R: t cos - - 
u.D 

?. - 
- 1  sin t/R 

or a = tan { & . - I '  
X t cos t/R 

( 2 7 )  

( 2 8 )  

8 



Fig. 3 Airfoil at Constant Angle of Attack 

Fig. 4 Airfoil in Constant Rate Pitching 



\ /  

\ \ 
= eo + e COS u t  

max 

Fig.  5 A i r f o i l  wi th  P e r i o d i c  P i t c h  O s c i l l a t i o n s  

= Y cos  u t  
'a max 

Fig.  6 A i r f o i l  w i th  P e r i o d i c  Lateral  Plunging Motion 
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Fig .  7 T r a n s l a t i o n a l  S imula t ion  of t h e  Blade 
Motion of a Dar r i eus  Turbine 

11 



3. PROGRAM DESCRIPTION 

This chapter contains adequate information to allow the preparation o f  
data decks for ADAM, interpretation of output, and program revisions. 

3.1 Input Requirements 

The following is a list of the data images required to execute ADAM and 
a sample data file. 

HEADER - format: 50H 

Arbitrary program heading 

REY,STEADY,TECON - format: El 
used to 

.3,1X,L 

document analysis. 

,F10.4 

Reynolds number based on chord length and freestream velocity. 
Logic variable used to select a steady or unsteady analysis. 
Distance from the trailing edge to the control point of the nascent 

vortex given as a percent of chord. 

NE,RX,RY,THETA,Al,SHIFT - format: 13,2F8.5,F7.5,Al,F8.5 
Number of elements used to model airfoil surface. 
Initial X and Y coordinates (nondimensionalized by the chord length) 

of the airfoil reference system with respect to the inertial 
reference system. 

Initial angular orientation of the airfoil reference system with 
respect to the inertial reference system - equivalent to the 
angle of attack. 

Alphanumeric variable which indicates that THETA was given in 
degrees (Instead of radians) when Al=’D’. 

Chordwise position of the airfoil fixed reference frame. 

BODY,NDO,N0lrN02,N03 - format: A4,1X,411 
Airfoil type: NACA, CYLNder, laminar airfoil (default). 
Four digit NACA airfoil designation - unnecessary for cylinder or 
laminar airfoil. 

MCASE , THTO ,A2 ,OMEGA ,A3 - format : 15, F9.7, A 1 , F9 7 , A 1 

Body motion designation: 1 - Impulsively started rectilinear motion. 
2 - Sinusoidal oscillations in pitch. 

12 



3 - Sinusoidal lateral plunging motion. 
4 - Darrieus turbine simulation. 

Depending upon the body motion selected, the value input for THTO 
will specify the mean angle of attack f o r  sinusoidal pitch 
oscillations or starting angle for a constant rate pitching 
motion. 

Alphanumeric variable which indicates that THTO was given in degrees 
(instead of radians) when A2='D'. 

The pitch rate for a constant rate pitching motion given in angular 
units per chord length of travel. 

Alphanumeric variable which indicates that OMEGA was given in 
degrees (instead of radians) per chord length of travel when 
A3='D'. 

THTMAX,A4,PLGMAX,FREQ - format: F9.7,Al,F10.7,F10.7 

Oscillation amplitude (degrees) for sinusoidal pitch oscillations - 

Alphanumeric variable which indicates that THTMAX was given in 

Lateral plunging motion displacement amplitude (non-dimensionalized 

Frequency o f  either pitch or plunging oscillations in radians per 

no meaning f o r  other body motions. 

degrees when Al='D'. 

by the chord length) - no meaning for other body motions. 

chord length o f  travel. 

RADIUS,RAMDA - format: 2F10.4 

Radius (non-dimensionalized by chord length) of a simulated single 
bladed Darrieus turbine - no meaning for other body motions. 

Tip-to-windspeed ratio for a Darrieus turbine - no meaning for other 
body motions. 

XSTA(K), K=l, NE/2+1 - format: F8.5 

Chordwise stations (non-dimensionalized by the chord) of element 
endpoints given in trailing to leading edge sequence with 
respect to a reference system at the leading edge of the 
airfoil. These card images are not read for the 'CYLN' body 
type 

PXTEM(K),PYTEM(K), K=1,62 - format: 2Ft0.5 

Surface coordinates (given below) for an NLF - 0416 airfoil. The 
element endpoint coordinates used in the analysis will be the X 
stations specified in the previous card images and an 
interpolation from the NLF - 0416 data. These card images are 
not read for the 'NACA' and 'CYLN' body types. 

001.00000 000.00000 < - - - - - - - - PXTEM, PYTEM (NLF-0416) 
.99633 .00065 
.98520 .00242 
.96638 .00478 
,93978 .00696 
.90576 .00792 
.86536 .00667 



.82012 .00278 

.77 156 - ,00364 

.72107 -.01221 

.67014 -.02231 

.62019 -.03250 

.57 122 -. 04063 

.52175 -.04614 

.47 150 - .05009 

.42 127 -. 0529 1 

.37167 -.05462 

.32326 -. 05529 

.27659 -. 05494 

.232 18 -. 05357 

.19050 -.05121 

.15200 -. 04787 

.11708 -.04361 

.08609 -. 03847 

.OS933 -. 03254 

.03708 -. 02594 

.01956 -.01883 

.00709 -.01154 

.00073 -. 00439 
000.00000 000.00000 

.00049 

.00509 . 0 1393 
,02687 
.04383 
.0647 1 
.08936 
.11761 
,14925 . I8404 
.22 169 
,26187 
.30422 
.34839 
,39438 
.44227 
.49 172 
,54204 
.59256 
.64262 
.69 155 
,73872 
.78350 
,82530 
.86357 
,89779 
.92749 
.95224 
.97 197 
.98686 
.99656 
1.00000 

.00403 
-0 1446 
.02573 
.03729 
.04870 
.05964 
.06984 
.07904 
.08707 
.09374 
.09892 
.IO247 
.IO425 
.lo405 
.lo162 
.09729 
.09 166 
.08515 
.0780 1 
.07047 
.06272 
.05493 
.04724 
.03977 
.03265 
.02594 . 0 I974 . 0 1400 
.00862 
,00398 
.00098 
.ooooo 

14 



The following is a sample data file: 

IMPULSIVELY STARTED NACA 0012 AT 10 DEG. AOA 
00010 0000.1000 0190  <--- NSTEPS, DT, NWMAX 
OOl.OOOD+O6 F 0002.0000 <--- REY, STEADY, TECON 

NE, RX, R Y ,  THETA, SHIFT < --- 028 0.00000 0.00000 01O.OOD 0.25000 
NACA 0012 <--- BODY, NDO, ND1, ND2, ND3 

MCASE, THTO, OMEGA < --- 00001 0OO.OOOOD 000.0000R 
000.00000D 0.0000000 0.0000000 <--- THTMAX, PLGMAX, FREQ 

RADIUS, RAMDA < --- 00000.0000 0000.0000 
1.0000 <--- XSTA 

.9600 

.goo0 

.a200 

.7100 

.6000 

. 4 9 5 0  

.3900 

. 2 9 0 0  

. 1 9 0 0  

.lo50 
,0520 
.0200 
.0050 
.o 

3 . 2  Program Output 

Each execution of ADAM provides the following basic elements of output: 

I N I T I A L I Z A T I O N  

* echo of input data 
* airfoil geometric parameters including: 

- airfoil ref. frame and surface coordinates of element endpoints and 

- normal and tangential unit vector components at the element 
cent ro i ds 

centroids 
* source and vorticity influence coefficient matrices 

INCREMENTAL TIME STEP SOLUTIONS 

airfoil position and velocity with respect to the inertial reference 
frame 
angular transformation matrix for coordinate transformations between 
the inertial and airfoil fixed reference frames 
separation data from the previous time step, if any 
breakdown of the contributions to the normal downwash on the airfoil 
source and vorticity distributions determined for the current time 
step 

15 



* coordinates and strengths of all wake vortices after convection to 

* total bound vorticlty 
stagnatfon point location 

* development of boundary layer parameters with locations of 

* pressure distribution 
* integrated airloads 

new locations 

transition 
and separation 

3.3 Subroutine Calling Sequence 

The following provides a flow chart of the calling sequence for the 
subroutines in ADAM. 

MAIN 
1 NPUT 

GEOM 
COEFA 

DECOMP 
COEFB 

MOT I ON 
WAKVEL 

NACAGM 

VORTEX 

SOURCE 

GETVEL 
SOURCE 
VORTEX 
LMPVTX 

TEGEOM 
CROSS 

NACAGM 
SPGEOM 

CROSS 
NACAGM 

WAK I NF 
VORTEX 
LMPVTX 

DECOflP 
DWASH 
SOLVE 

GETVEL 
SOURCE 
VORTEX 
LMPVTX 

SEPCAL 
SPDATA 
BNDL 

STAG 
LAMBL 

GRAD 
RKM44 

F 

16 



TURBL 
GRAD 
RKM44 

TRANS 
TSEP 

F 
TRANS 
TSEP 

DBNDL 
DSTAG 
DLAMBL 

DGRAD 
DRKM44 

DF 
DTRANS 
DTSEP 

DTURBL 
DGRAD 
DRKM44 

DF 
DTRANS 
DTSEP 

CPD I ST 

3.4 Subroutine Functions 

The 
in ADAfl. 

following is a short description of the function of each subroutine 

Subroutine Functions: 

BNDL,DBNDL -Interface to potential flow routines and driver for boundary 
layer calculations on upper and lower sides of the airfoil, 
respectively. 

COEFA - Calculates the normal induced velocity coefficient matrix 
associated with the airfoil surface vorticity distribution. 

COEFB - Calculates the normal induced velocity coefficient matrix 
associated with the airfoil surface source distribution. 

CPDIST - Calculates the pressure coefficient distribution on the 
airfoil and the integrated alrloads. 

COV - Calculates the center of vorticity of a linearly distributed 
vorticity element. 

CROSS - Adjusts coordinates of separated wake vortices to maintain a 
minimum separation with alrfoil surface. 

DECOMP - Performs an LU decomposition of the influence coefficient 

17 



matrix A. 

DWASH - Calculates the source and freestream induced normal downwash on 
the airfoil. 

F,DF - Solves simultaneous equations involved in Runge-Kutta 
integration method. 

GEOM - Evaluates the airfoil element geometric parameters. 

GETVEL - Evaluates the total disturbance velocity at specified point. 

GRAD,DGRAD - Evaluates the surface gradient of the edge velocity. 

INPUT - Reads and interprets problem definition data set. 

LAMBL,DLAMBL - Predicts the development of the laminar portion of the 
boundary layer on the upper and lower surfaces of the airfoil, 
respectively. 

LMPVTX - Evaluates the velocity induced by a lumped vortex. 

MAIN - Mainline routine which controls overall program execution. 

MOTION - Calculates the instantaneous rectilinear and angular velocity 
of the body and evaluates the transformation matrix between the 
body-fixed and inertially-fixed reference frames. 

NACAGM - Generates surface coordinates for NACA four digit airfoils. 

RKM44 - Fourth order Runge-Kutta solution routine. 

SEPCAL - Interface to boundary layer calculations, provides separation 
point properties for potential flow calculations. 

SOLVE - Solves for unknown airfoil vorticity distribution. 
SOURCE - Evaluates the velocity induced by an airfoil surface element. 

SPDATA - Provides tabulated boundary layer separation point locations as 
a function of angle of attack. 

SPGEOM - Computes new geometry for wake surface emanating from boundary 
layer separation point. 

STAG,DSTAG - Determines the initial boundary layer characteristics at 
the stagnation point for the upper and lower surfaces, 
respect i ve 1 y . 

TEGEOM - Computes new geometry for wake surface emanating from airfoil 
trailing edge. 

TRANS,DTRANS - Tests for the transition from a laminar to a turbulent 
boundary layer on the upper and lower surfaces of the airfoil, 

18 



respectively. 

TSEP,DTSEP - Tests for the intermittent separation of the turbulent 
of the airfoil, boundary layer on the upper and lower surfaces 

respectively. 

TURBL,DTURBL - Predicts the development of the turbulent portion of the 
layer on the upper and lower surfaces of the airfoil, boundary 

respectively. 

VORTEX - Calculates the velocity induced by an airfoi 

WAKINF - Calculates the normal downwash on the airfo 
surfaces. 

WAKVEL - Calculates the total induced disturbance ve 
surfaces. 

3.5 Common Block Var 

The critical variab 

able Definitions 

vortex element. 

1 due to the wake 

ocity in the wake 

es involved in the calculations performed by ADAM 
are contained in fifteen c m n  blocks. A short description of each of 
these variables is given below. 

BLKO : STEADY - Logic variable indicating a steady (true) or unsteady 
analysis. 

USEP - Logic variable indicating that the boundary layer is 
separated from the upper surface of the airfoil. 

DSEP - Logic variable indicating that the boundary layer is 
separated from the lower surface of the airfoil. 

BLKl : NSTEPS - Total number of time steps. 
NT - Current time step. 
NE - Number of elements on the airfoil surface. 
NDO,NDl,ND2,ND3 - Four digit discriptor for a NACA series 

MCASE - Body motion case number. 
IP - LU decomposition pivot array. 

airfoi 1 .  

ELK2 : P I  
TWOP I 
REY 

RX, RY 

THETA 

SHIFT 

DT 
TECON 

- 3.14159265358979267 
- 2 * P I  
- Reynolds number based on chord length and freestream 
ve 1 oc i ty . 

- Vector coordinates of the airfoil fixed reference frame 
with respect to the inertially fixed frame. 

- Angular orientation of the airfoil fixed reference frame 
with respect to the inertially fixed frame. 

- Chordwise distance between the leading edge of a NACA 
airfoil and the origin of the airfoil fixed reference 
frame . 

- Time step duration. 
- Distance from trailing edge to nascent vortex control 
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point. 

BLK3 : PX,PY - Array of element endpoint coordinates. 
CX,CY - Array of element centroid coordinates. 
S 
SP 
DSBD - Array of element lengths. 

- Array of surface coordinates of the element centroids. 
- Array of surface coordinates of the element endpoints. 

ELK4 : ESX,ESY - Array of element tangential unit vectors. 
ENX,ENY - Array of element normal unit vectors. 
ETN - Array of angles between the element tangential unit 

vectors and the x axis of airfoil ref. frame. 

BLK5 : A - Surface vorticity induced, normal velocity coefficient 
matrix. 

B - Surface source induced, normal velocity coefficient 
matrix. 

ow - Array of the total downwash on the airfoil elements due 
to the relative motion between the airfoil and 
freestream, vorticity distribution on the wake, and 
source distribution on the airfoil. 

PERMA - Storage matrix for original normal induced velocity 
coeffictent matrix. 

BLK6: UBX,UBY - Velocity vector of the airfoil fixed ref. frame with 

OMEGA - Angular velocity of the airfoil fixed ref. frame with 

THTO - Median angle of attack for an airfoil oscillating in 

THTMAX - Amplitude of sinusoidal angle of attack oscillations. 
FREQ - Frequency of angle of attack oscillations or lateral 

PLGMAX - Amplitude of slnusoidal lateral plunging motion. 
RAMDA 
RADIUS - Darrieus turbine radius. 

respect to the inertial ref. frame. 

respect to the Inertial ref. frame. 

p t tch 

plunging motion. 

- Tip-to-Windspeed ratio for a Darrieus turbine motion. 

BLK7: URX,URY - Array of relative velocity vectors between the element 
centroids and the freestream velocity. 

C - Array of the normal velocity induced at the element 
centroids due to the source distribution on the airfoil. 

0 - Array of the normal relative velocity component between 
the element centroids and the freestream velocity. 

E - Array of the normal velocity induced at the element 
centroids due to the vorticity distribution on the wake 
surface extending from the trailing edge. 

F - Array of the normal velocity induced at the element 
centroids due to the vorticity distribution on the wake 
surface extending from t h e  boundary layer separation 
point. 

BLK8: SIGMA - Array of the airfoil source distribution strength at the 

GAM - Array o f  the airfoil vorticity distribution strength at 
element centroids. 

the element endpoints. 
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CP - Array of pressure coefficients at the element centroids. 

BLK9: TANVEL - Array of the tangential component of the relative 
velocity between the airfoil and freestream at the 
element control points. 

EDGVEL - Array of the total tangential velocity at the element 
control points. 

GAMVEL - Array o f  the self-induced tangential velocity at the 
centroid o f  each element control point. 

BLKlO: CIRCU - Total bound vorticity on the airfoil surface. 
STAGPT - Surface coordinate at which the EDGVEL is zero. 
CONST - Undefined and not utilized. 
T - Transformation matrix for inertial to airfoil fixed 

coordinate changes. 

BLK11: NTEV - Number of wake elements in the wake surface extending 
from the trailing edge. 

NSPV - Number of wake elements in the wake surface extending 
from the boundary layer separation point. 

NWMAX - Oldest trailing edge wake element for which 
contributions to the disturbance velocity field are 
i nc 1 uded. 

NOSP - Number of airfoil element on which boundary layer 
separation occurred. 

NSTAG - Number of airfoil element on which the stagnation point 
occurs. 

BLK12: TEVX,TEVY - Array of inertial coordinates of the wake elements 
generated from the trailing edge. 

TEVS - Array of strengths of the wake elements generated from 
the trailing edge. 

DSTE - Length of the nascent wake element generated at the 
trailing edge. 

TELS - Strength of the vorticity distribution at the upstream 
edge of the nascent trailing edge wake element. 

TERS - Strength of the vorticity distribution at the downstream 
edge o f  the nascent trailing edge wake element. 

BLK13: SPVX,SPVY - Array of inertial coordinates of wake elements 

SPVS - Array of strengths of the wake elements generated from 

DSSP - Length of the nascent wake element generated at the 

generated at the boundary layer separation point. 

the boundary layer separation point. 

boundary layer separation point. 

BLK14: TEZX,TEZY - Inertial coordinates of the downstream edge of the 

SP2X,SP2Y - Inertial coordinates of the nascent vortex generated 

SPX, SPY - Coordinates of the boundary layer separation point 

nascent wake element generated at the trailing edge. 

at the boundary layer separation point. 

with respect to the airfoil fixed ref. frame. 

BLK15: UXTE,UYTE - Array of the inertial velocity vectors for the wake 
elements generated at the trailing edge. 
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UXSP,UYSP - Array o f  the inertial velocity vectors for the wake 
elements generated at the boundary layer separation 
point. 
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APPEND I X 

Program L i s t i n g  o f  Adam 



FF 2 . 0  5/17/84 0:48:47 E: \ADAM\BNDL. FISR Page 1 

SIJBROCIT INE BNDL ( IJSURF, S, NE, STAWT, REC, SPPS, SEFRT ~ NT , UT > 
C*****************************************i: 
C: MAIN PRijCiRAM FOR BWND CHECKOUT C 
C93***0*****3****~****************~*******l~ 

IMFLICIT  REAL*S(A-H,O-Z) 
KE:AL*8 USURF ( 1 ) , S ( 1 ) , STAGPT, HEC, SPPS 
Lc7G I CAL SPRT , SEPKT 
COMMON/VEL/U(150), X(lSO),NS 
OOMMON/FIN/RST,FT, AT, GT,HT, XNS, XNL, XNT, TURE, NTM 
COMMC~N/ULD/OAT( 150), UDSL( 150) ,OXNL,ONT,ONSEP, XSEP, OXSEP 
COMMON/BLI/HI, THE1,RTHI 
COMMON/PTN/SPRT 
DCf 10 I=l ,NE 
U( I )=USURF( I )  

IC) X ( l ) = S ( I )  
NS=NE 
XNS=STAGPT 
HEL=REC 
ONSEP=O. DO 
OXSEP=X (NS) 
NTM=NT 
DELT=DT 
XSEP=SPPS 
SPRT=SEPRT 
OXNL=XNS 
CQLL STAG(REL,HIL,THEIL) 
TlJRb=rJ. I30 
CALL LAMBL(*20,DELT,HIL,THEIL,REL) 
TURB=l. DO 
CALL TUREL ( DELT , HI, THE I, REL ) 
SPPS=XSEP 
SEPRT=SPRT 

20 HETIJRN 
END 
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pF 2 . 0  5 / 1 7 / 8 4  1:45:48 E: \ADAM\COEFA. FOR Page 1 

SlJBROClT I NE COEFA 
c 
C THIS ROI-ITINE I S  TO COMPUTE COEFFICIENTS FOR THE NORMAL DOWNWASH 
12 CONTRIBUTION DUE TO VORTEX DISTRIBUTION 
c: 

IMPLICIT REAL98 (A-H,O-Z) 
REAL98 CCX ( 4 1  ) , CCY (41 ) , CDX ( 4 1  ) , CDY ( 41 1 ,  TEMPA ( 41 ) 
LiSG I CCIL STEADY , USEP , DSEP 

COMMUN/BLKO/STEADY, CISEP, DSEP 
COMMUN/BLKl/NSTEPS,NT,NE,ND0,NDl,ND2,ND:~,MCASE,IF(40) 
CUMMON/ELK2/FI, TWOPI, REY, RX, RY, THETA, SHIFT, DT, TECON 
COMMUN/BLK3/PX ( 4 1  1 ,  FY ( 4 1  ) , C X  ( 4 0 ) ,  CY ( 4 0 ) ,  S(40), SP( 4 1  ) , DSBD(4O) 
COMMON/BLK4/ESX(41 ),ESY(41 ),ENX(40),ENY(40),ETN(40) 
COMMON/BLK5/A ( 40,40 ) , 6 ( 40,40) ,  DW ( 40) ,  FERMA (40,40 ) 

COMMON/BLK7/lJRX ( 4 0 ) ,  IJRY ( 4 0 ) ,  I: (40) ~ D ( 4 0 )  ,E( 40) ,  F(  40) 
COMMON/BLK8/SIGM8(40) ,GAM(40) ,CP(40) 
COMMUN/BLK9/TANVEL ( 4 0 ) ,  EDGVEL ( 4 0 ) ,  GAMVEL ( 40)  
COMMON/BLKlO/CIRCU, STAGFT, CONST, T ( 2 , 2 )  
C:OMMUN/BLKll /NTEV, NSPV, NWMAX, NOSF, NSTAG 
COMMON/BLK12/TEVX (201 ) , TEVY (201 ) , TEVS( 3 1  ) , DSTE, TELS, TEAS 
COMMON/BLK13/SPVX(201) ,SPVY(i:?1 ) ,SPVS(201) ,DSSP 
CUMMON/BLK14/TE2X, T W Y ,  SP2X, SP2Y1 SFPS, SPX, SPY 
Ci;I1~I~N/BLK15/UXTE(201) ,lJYTE(201) ,UXSP(201) ,UYSP(X) l )  

[IO 1050 1=1,NE+2 

C: 

COMMON/BLK6/UEX, UBY, OMEGA, THTO, THTMAX, FREG!, PLGMAX, RAMDA, RADIUS 

c: 

I F  ( I . EQ. NE+ 1 ) 133 TO l(j5r) 



PF 2.0 5/17/84 1:46: 14 E: \ADAM\COEFA. FOR Page 2 

1: 

WRITE ( 6,6000) 
Dr3 1080 K = l  , NE+2 

WRITE ( 6,6010) K, ( A  ( K, L ) , L=1, NE+1) 
1080 IXNT INllE 

c: 
IC SAVE MATRIX A I N  PERMANENT PLACE FOR LATER USE 
1: 

DO 1066 I=l,NE+2 
DO 1066 J=l ,NE+l 

PERMA( I, J ) = A (  I ,  SJ) 

1066 CONTINUE 
1:: 

C 
C CASES FOR STEADY STATE 

RETURN 

CONTINUE 
WRITE(6,4020) 
EICI 20 1 0  K=2, NE 

CClNT I NlJE 
A(NE+l, l ) = l . D O  
A ( NE+ 1, NE+1) =l. DO 

A (  NE+1, E) =a. DO 

RETIJRN 
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PF 2.( j  5 / 1 7 / 8 4  1:4&:3:3 

SIJBRi3IJTINE COEFB 
c 
I:: THIS ROI-lT I NE I S  TO COMPIJTE THE 
C: iI:l]NTR IEIJTI CIN DUE TU THE SCSIJRCE 

E: \ADAM\COEFB. FUR Page 1 

COEFFICIENTS FIX NCiHMAL VELOCITY 
DISTRIBUTION 

IMPLIC IT  REAL*S (A-H, 13-Z) 
REAL38 CEX(411, CEY ( 4 1  ) , CFX (41 ) ,CFY ( 4 1  ) ,CGX(41) ,CGY (41) 



E: \ADAM\COEFP. FOR Page 2 

C. 

1: 

RETURN 

C~OOO FORMAT ( / / / '  ***** COEF. "P" FOR SOURCE DISTRIBUTION *****"//) 
8010 FORMAT ( ..' ROW'' , I 3 , 9  ( 1 X ,  E10.4, 1 X ) ,SO ( /7X, 9 ( 1 X , E 1 0 . 4 , l  X ) 

END 

) 

c 
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pF 2 . 0  5/17/84 1:47:08 

HEAL FIJNCT I ON COV ( SL, SR ) 

IMPLICIT REAL+B (A-H,O-Z) 
C 

1: 

TEMP 1 =SL+SH 
CUV=. 5D0 
I F  f TEMP1 . EQ. 0. DO) RETURN 
COV= ( 1. DO+SR/TEMP 1 ) /3. DO 
RETURN 

END 
C 

E: \ADAM\COV. FOR Page 1 



PF 2 . 0  5/17/84 1:47:23 E: \ADAM\CFDIST.FUR Page 1 

3Q 



PF 2.0 5/17/84 1:47:50 E:\ADAM\CPDIST.FOR Page 2 



PF 2 . 0  5/17/84 1:48:15 €1 \NWI\CFDIST. FOR Page 3 

300 C:ONTIN)E 
TEMF=-THETA+lI0.D0/PI 
WRITE ( 4,6040 ) NT, CL, CN, ADDCF, TEMP, NT, CD, CT, TEMP 

RETURN 
c 

c: 
6000 FORMAT ( / / / " ***** CF DI STR I BUT IONS **+** ' / / 

t '' NO.",BX,"CX'., 12X,'CF', 12X,'T1', 12X,'T2'', 12X,'T3', 12X,"T4"/) 

K '  , BX, 'CN1 " ,13X, 'CTI .', 13X, 'CL1" ,13X, 'ED1 ' ,12X, 'DSBD' 
& O l O  FORMAT((lX,I3,3X,8(1X,D12.6,1X))) 
6020 FORMAT( / '  
&CE:O FORMAT ( 14,s ( 3X, D13.6 ) ) 
6040 FORMAT ( / "  NT=" , 13, .' CL= " , D1 1 .4, ' CN=' , D1 1 .4, .' ADDCF=", F7.2, 

& ' THETA='. , F7.3, .' DEG' / 
t 

& ' KANG=",FI.3, ' DEG'/ 
8 
& ' TANG=', FB. 3 ,  '' DEG'/ ) 

' NT=',IS, '' CD=',D11.4," CT=',D11.4,' THETA=",F7.3," DEG') 
6060 FORMAT ( / ' NT=', 13, " EL=', El 1.4, .'' EN='', E 1 1.4, " FN=' , El 1.4, 

NT=', 1.3, ' ED=', E l  I .  4, .' CT=",E11.4, .' FT=" ,El 1.4, , 

3 2  



PF 2.0 5 / 1 7 / 8 4  1:48:31 E: \ADAM\CROSS. FOR Page 1 

SIJBROUTINE CROSS ( X, Y, T, RX , RY, SHIFT, I I ,  IZ, I :3,14) 
c 

IMPLICIT REAL38 (A-H,O-Z) 
REAL38 T ( 2 , 2 )  

c: 
C TRANSFORM THE X AND Y WRT B. F. F 
C 

BX=X*T(l,I)+Y*T(1,2)-RX 
BY=X*T(2,1)+Y+T(2,2)-RY 

C 
C !3PECIFY THE SECONDARY SURFACE DISTANCE FROM THE PHYSICAL SURFACE 
1: 

1: 

D I ST=. 02DO 

XLEFT=SHIFT 
XRITE=l.DO+SHIFT 
I F  (BX . GE. XRITE. OR. EX. LE. XLEFT ) RETURN 
YUP=. 15DO/2. DO+DIST 
YLOW=-YIIP 
I F  (BY. GE. Y W .  OR. BY. LE. YLOW) RETURN 

1:: 

1: TEST THE CROSSING 
1: 

TX=BX-SHIFT 
CALL NACAGM(TX,AY,11,12,13,I4,SHIFT) 
BX=TX 
AYU=AY+DIST 
AYL=-AYIJ 
IF  (BY. GE. 0. DO. AND. BY. LE. AYU ) BY=AYU 
I F  ( BY. LT. 0. DO. AND. BY. GE. AYL) BY=FIYL 
I F  ( BY. GT. QYU. OR. BY. LT. A Y L  1 RETURN 

C 
C TRANSFORM EX AND BY WRT 1.F.F 
C 

X=BX*T( 1,l )+BY*T(2,1 )+RX 
Y=BX*T ( 1,2 ) +BY+T ( 2,2) +RY 
WRITE(&,hOO) X,Y 

GOO FORMAT(lX,'X = ',F8.5,2X, 'Y = '.,F8.5) 
c: 

RETURN 
END 



PF 2.(5 5 / 1 7 / 8 4  5:26:39 A:\DBNDL.FOR Page 1 

SUBROUT INE DBNDL ( IJSIJRF , S , NE, STAGPT , REC, SPPS, SEPRT , NT, tiT 1 
C9*999*39999999990999**9999999*99999999999C 

C MAIN PROGRAM FOR BOlJND CHECKOUT C 
l~O9+3999*9909*99993999999999~99O99~99*9999l~ 

IMPLICIT REAL98 ( A-H, 0-Z ) 
f?EAL*c8 U:J'IJRF ( 1 ) , 5 ( 1 ) STAGPT, REC, SP P S 
LOG I CAL SPKT , SEPRT 
COMMUN/UVEL/lJ( 150)? X (  150) ,NS 
COMMON/DFIN/KST,FT,AT,GT,HT, XNS, XNL, XNT,TURB,NTM 
Cl~ iMMl~N/Dl~LD/ l~AT~ 150) ,ODSL( 150) ,OXNL,ONT,ONSEP, XSEP,OXSEP 
COMMON/DBLI/HI, THEI, RTHI 
COMMc7N/ DFTN / SPRT 
DO 10 I = l , N E  
U ( I ) =IJSIJRF ( I ) 

10 X ( I ) = S ( I )  
N!S=NE 
XN!+STAGPT 
RE L = R E C 
UNSEP=O. DO 
OXSEP=X (NS) 
NTM=NT 
DELT=DT 
X!SEP=SPPS 
SPRT=SEPRT 
0 X NL= XNS 
CALL  DSTAG (REL, H IL ,  THEIL ) 
TURB=O, DO 
CALL DLAMBL(*ZO,KIELT,HIL,TH~IL?~EL) 
TIJRB= 1. DO 
CALL DTURBL ( DELT, HI ,  THE I ,  REL ) 
SPPS=XSEP 
SEPRT=SPRT 

20 RETIJRN 
END 
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PF 2.0 5/17 /84  0:49:44 E: \ADAM\DECOMP. FOR Page 1 

SIJEROUT INE DECOMP 
C 
C TH I S ROUT I NE I S TO PERFORM LOWER-UPPER DECOMPOS I T  I ON 
C 

IMPLICIT REAL+B (A-H,O-Z) 
LiX I CAL STEADY, IJSEF , DSEP 

COMMON/BLKO/STEADY, USEP, DSEP 
COMMON/ELK 1 /NSTEPS, NT, NE, NDO, ND1, NDZ, ND3, MCASE, I F  ( 40) 
COMMON/BLKZ/PI , TWOPI, KEY, RX, RY, THETA, SHIFT, DT, TECON 
COMMON/ELKB/PX ( 4 1  ) , PY ( 4 1  ) , CX ( 4 0  1 ,  CY (40),5(40),  SP( 4 1  ) , USED( 40) 
COMMMN/FLK4/ESX(41),ESY(41),ENX(40),ENY(40),ETN(40) 
COMMON/BLKS/A ( 40,40),  E ( 4(3,40), DW (40 ) , PERMA ( 40,40 ) 

CI:IMM~IN/BLK~/UBX, IJBY, OMEGA, THTO, THTMAX, FREQ, PLGMAX, RAMDA, RADIUS 

c 

COMMON/BLK7/IJRX i 4 0 )  ; URY ( 4 6 ) .  C (40 ) ,  D( 40), E (  4 0 ) ,  F 
COMMON/BLK8/SI GMA ( 40 ) , GAM ( 40 ) , CP ( 40 ) 
l~nMMON/BLKS/TANVEL(40),EDGVEL(40),i~AMVEL(4~) 
COMMON/ELE1(3/CIHC:IJ, STAGPT, CONST, T(2,Z) 
CI3MMON/BLE 1 1 /NTEV, NSPV, NWMAX , NOSF, NSTAG 
COMMON/ELK12/TEVX(201) ,TEVY(201) ,TEVS(201) ,DSTE 
COMMON/BLK13/SFVX(Z0l),SPVY(201),SPV~~Z~~l~,DSSF 
CrSMMON/BLK 14/TE2X, TEZY, SP'ZX , SWY, SPPS, SPX , SPY 
UOMMON/BLKlS/UXTE(201),UYTE(201),UXSP(20l),UYSP 

MSIZE=NE+l 
1FINT.GE. 1 )  MSIZE=NE+Z 

DO 1000 I=l,MSIZE 

C 

I: 

I F (  I)=I 
1Oc)O CONT I NlJE 

DU 2000 K = l  , MSIZE-1 
BIGA=O. DO 
DO 1100 I=E,MSIZE 

IF((BIGA-DABS(A(I,K))).GE.0.D0) GO TO 1100 
IPVT=I  
BIGA=DAES(A(I,K)) 

CONT INIJE 
IF(BIGA.GT.0.DO) GO TO 10 
WRITE(4,6000) 
STOP 
CONT I NUE 

40 ) 

TELS, TERS 

201) 

2000 C:ONT I NUE 

IF(A(MSIZE,MSIZE).NE.O.DO) GO TO 20 
WRITE ( 6,4000 ) 
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E: \ADAM\DECOMF. FOR Page 2 

36 





SUBRUUT I NE DGRAD ( NX , DELT, DSL ) 
C******************9********~***********~ 

IMPLICIT REAL*Y(A-H,U-Z) 
CUMMON/DFIN/RST,FT,AT,GT,HT, XNS, XNL, XNT,TURB,NTM 
COMMON/DVEL/lJ( 150), X (  150) ,NS 
COMMijN/DOLD/OAT( 1.50) ,CIDSL( 150) ,OXNL,ONT,UNSEP, XSEP,UXSEP 
COMMON/ DPTN/ SPRT 
AT=(IJ(NX+l)+U(NX) )/2.DO 
GT=(IJ(NX+l)-U(NX) ) / I X ( N X + l ) - X ( N X ) )  
IF(NX.EQ. 1) GO TO 1 0  
IF(NTM.EQ. 1 )  GO TO 10 
IF(X(NX).LE.OXNL) GU TI3 10 
IF(X(NX).LE.XNL) GO TO 10 
FT=( AT-OAT (NX ) 1 /DELT 
IF(X(NX).GE.OXSEP) GO TU 20 
IF(X(NX).GE.XSEP 1 GO TI3 20 
HT=( DSL-ODSL (NX ) /BELT 
Gi:i Ti11 20 

1 0  tXNT I NIJE 
FT=O. DO 
HT=O. DO 

OAT (NX )=AT 
ODSL (NX ) =DSL 
RETURN 
END 

20 C;i:tNT INlJE 



RST=RST 1 
Y ( 1 ) =I)SLI 
y ( 2 )  =DS[II 
i:ip=c:). IS(:) 
ONT=O. DO 
WRITE ( G, 40) 
NTEMP=NS-NXL+l 
WRITE ( &,SO) NTEMP, XNL, U I  , D L I  , DSLI  , "HE1 , HI ,  CF21, RTHI 
N:; 1 =NS- 1 
U O  60 NXzNXL, NS1 
X l = X  (NX j 
X2=X(NX+l) 
IF(NX.EG!.NXL) Xl=XNL 
CALL DGRAD ( NX , DELT , Y ( 1 ) ) 
CALL DRKM44 (*100, X 1, X2, Y, 1, l .  OD-05) 
IF ( Y  ( 1 ) . LE. 0.  DO j Y ( 1 ) = I .  (m-ok. 
RST=U(NX+l ) * C y (  1 )*RSTI /DSLI /UI  
CF2=4. 1:3DO* ( .4&3DO-Y ( 2 
D E L = Y ( l ) / Y ( z )  
H=l .  DO/ ( 1, DO-SH) 
T H E = Y ( l ) / H  
RTH=RST/ H 
UE=U ( NX+1 ) 
NXFl=NX+l 
NTEMP=NS-NXPl+l 
WRITE ( 6,50 ) NTEMP, X2, UE, DEL, Y ( 1 ) , THE, H, CF2, RTH 
FORMAT ( / /  1 X, 'NO. ,.', 7X, " X '  , '?X, 'U' ,ex, 'DEL', 7X, 'DLST" , bX, 'THET' , 

37X , .'.Hi , 8 X  , ..' CF2 ." , 7X , "RTH' ) 

FORMAT ( 1 X ,Is, 4X, BE1 0.3 ) 

IXNT I NIJE 
RETlJRN 1 
CONT I NUE 
HETIJRN 

) /RST 

END 
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FF 2 . 0  5 / 1 7 / 8 4  5:31:20 A: \DTRANS. FOR Page 1 

SUBRUUT INE DTHANS ( *, SH, RST, XN, XNS, XNT, Y, NTM) 

IMPLICIT  REAL*S(A-H,O-Z) 
COMMON/DOLD/OAT( 150) ,ODSL( 150) ,OXNL,UNT,ONSEP, XSEP,OXSEP 
COMMON/DBLI /HI ,  THE1 , HTHI 
C r3MMUN / DP TN / SPR T 
DIMENSION Y ( 2 )  
IF(SH.GE. ( l . D O - l . D 0 / 3 . Y K t 0 ) )  GO TU 10 
H=l .  DO/ ( 1. DO-SH) 
RTH=RST/H 
THE=Y( l ) /H  
REX=RST* ( XN-XNS) / Y  ( 1 ) 
IF(REX.EQ.O.DO) GI3 TU 20 
RHS=l. 174150*( l.Do+22400.DO/REX)*DABS(REX)**0.46D~ 
IF(RiH.GE.RHS) GI3 TO 10 
GI:; TO 20 

XNT=XN 
ONT=DFLOAT(NTM) 
WHITE(6,30) XNT 

HI=H 

C*~Q*****~******~**H**************************~******~****~ 

1 0  IF(DFLOAT(NTM).EQ.ONT) GO TO 20 

30 FORMAT(4X,’THE TRANSITION POINT (XNT)=”,E12.5) 

40  IF(HI.GT.Z.76DO) HI=2.76K10 
so CONT I NCIE 

lHEI=THE 
RETURN 1 

20 CONT I NUE 
RETlJRN 
END 
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SIJBROUT I NE DWASH 
C 
C THIS ROUTINE I S  TU CONFUTE THE DOWN WASH DUE TI1 RELATIVE VELOCITY OF 
C: THE FREE STREAM AND SOCIRUE DISTRIBUTION CIN THE SURFACE. 
C 

IMPLICIT REAL*tl (A-H,O-Z) 
LUG I CAL STEADY, IJSEP , DSEF 

r; 
COMMON/BLKO/STEADY, USEF, DSEP 
C:OMMON/BLK 1 /NSTEFS, NT , NE, NDO , ND 1 , ND2, ND3, MCASE , I F  ( 40 ) 
COMMDN/BLK2/FI,TWOFI,REY,fiX,RY,THETA,~HIFT,DT,TEU~N 
COMMON/BLKB/FX ( 41 ) .1 F Y  ( 41  ) C X  ( 40) ,  CY ( 40 1,  S ( 4 0 ) ,  SF ( 41  ) , DSBD ( 40) 
CC:iMMON/BLK4/ESX(41) ,ESY(41) ,ENX(40) ,ENY(40) ,ETN(40) 
CUMMUN/BLKIS/A( 40,40), B( 40,40), DW ( 4 0 ) ,  PERMA( 40,40) 
C'OMMDN/BLKb/UBX, UBY, OMEGA, THT0, THTMAX, FREQ, FLGMAX, RAMDA, RADIUS 
COMMUN/BLK7/URX ( 4 0 ) ,  IJRY ( 4 0 ) ,  E(  40), D ( 4 0 ) ,  E (  40) ,  F ( 4 0 )  
COMMUN/BLKS/SIGMA ( 40 ) , GAM ( 40 ) , CF (40) 
COMMON/BLE9/TANVEL(40)?ED~VEL(40),GAMVEL(40) 
COMMDN/BLElO/CIRCU, STAGFT, CONST, T ( 2 , 2  1 

COMMON/ELK12/TEVX(201),TEVY(201),TEVS(ZOl),DSTE,TEL~,TER~ 
COMMON/BLK13/SFVX(~01),SPVY(20l),SPVS(20l~,DSSF 
CUMMON/BLK14/TE2X, TEZY, SPZX , SfZY, SPPS, SPX , SPY 
COMMijN/bLKlS/UXTE(2Ol) ,UYTE('ZOl) ,IJXSP(201),UYSP(ZU1) 

MSIZE=NE+l 
IF(NT.GE. 1) MSIZE=NE+2 

COMMiIN/BLKll /NTEV, NSPV, NWMAX, NOSF, NSTAG 

c 

C 
C RELATIVE TRANSLATIONAL VELOCITY WRT BFF 
1: 

c 
C ADD 
c 

1000 

c 

UX=T( 1,1)*( 1. DO-UBX 1 -T( 1,2)*UBY 
UY=T(2,1) *(  1. DO-UBX )-T 12,2)*lJBY 

THE VELOCITY DlJE TO THE BODY ROTATION (BFF) 

DO 1000 I=l,NE 
URX ( I ) =UX+UMEGA*UY ( I )  
URY(I)=UY-oMEGA*CX(I) 

CONT INUE 
IJKX (NE+2 ) =UX 
IJRY ( NE+2 ) =lJY 

C DOWN WASH DUE TO THE RELATIVE VELOCITY OF THE STRECIM WRT ELEMENT'S 
C MOTIISN 
C 

Dc? 1020 I=l,MSIZE 
IF(I.EQ.NE+l) GO TO 1020 
n( I )=URX ( I )*ENX( I )+IJRY ( I )*ENY (I ) 

1020 CONTINUE 
C 
C GET THE SUURCE DISTRIBUTION WHICH NEUTRALIZE THE NORMAL VELOCITY ON 
C EACH ELEMENT 
C 

DO 1040 I=l,NE 
TANVEL(If=URX(I)*ESX(I)+URY(I)*ESY(I) 
SIGMA(I )=-D( I )  

1040 CONT I NUE 
c: 
C GET THE DOWN WASH FROM SOURCE DISTRIBUTION 
C 
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DD 1060 X=l,MSIZE 
C (  I f=O.DO 
DO 1060 J=l ,NE 

C(I )=C( I)+B( I,J)*SIGMA(J) 
1060 CONTINUE 

c 

I: 

RETURN 

END 

E: \&DAM\DWASH. FOR Page 2 
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SlJBRiriUT INE F ( *, XN, Y, YP ) 
~****~****~**~***~**********************C 

IMPLICIT REAL*B(A-H,U-Z) 
DIMENSION Y(2) ,YF(2)  
COMMON/FIN/RST,FT,AT,FT,HT,HT, XNS, XNL, XNT,TURB,NTM 
CtIiMMUN/FOUT/VT, SH, CF2 
CUMMON/FTN/SPRT 
ONSEP=O. DO 
IF(TIJRB.EB. 1. DO) GO TO 35 
p I-. _r--GT/AT - 
IF  ( Y ( 1 ) . LE. 0. DO) 
Y ( 2 ) =. 325D0+. 1:30fiO*Y ( 1 ) *RST*PG 
I F  ( Y  ( 2 ) .  LE. 0. 255EIO) Y ( 2) =O. 255D0 
SH=. :320DO+. 922DO*Y ( 2 ) 
CALL TRANS( *loo, SH, RST, XN, XNS, XNT, Y, NTM) 
CF2=4.13DO* ( .44:3DO-Y ( 2 ) 1 /RST 
+2.239fr0-3. [iO*SH 
El=CF2-Y(l)*FT/(AT*AT)-(3.UO-2.D09SH)*Y(l)*GT/AT-HT/AT 
Y P ( l ) = B l / A  

GO TO 110 

IF(Y(2) .GT.  .F jD0)  VT=-VT 
SH=l. SDO*Y ( 2 ) + .  179DO*VT+.321DO*VT*VT/Y(2) 
I F  ( SH. GE. 0. YD(1) SH=O. YDO 
CALL TSEP(*100, SH, XN, Y, NTM) 
CF2=. 1681DO*VT*DABS(VT) 
C1~1.5D0-.32iD0*DABS(VT/Y~~~~**2.D0+~~.1l5~O-2.D0*Y~2~~/Y~2~ ) 

C2=.115D0*VT*(.179[i0+.642n09VT/Y(2)) 
A 1  1=. 977DO-SH+C2 
A12=-Y (1  )*E1 
A Z Z = - Y ( l ) / ( Y ( 2 ) * ( 1 . D O - Y ( Z ) ) )  
DET=All*A22-412 
Bl=CF2-Y( l ) *FT/ (AT*AT)- (2 .95D0-2 .D0~SH+C2)*Y( l ) *GT/AT-HT/AT 
ENT=.0083DU/DABS(l.D0-Y(2))**2.5DO 
XNO=XN 
B2=ENT*Y(2)/(1.DO-Y(2))-Y(l)*FT,HT/AT 
IF(Y(2).GT..415DO) GO TO 40 

TI) 70  
60 IF(Y(2).LT..425DO) GO TO 80 
70 CONT I NUE 

Y ( 1 1 =1.0D-O6 

30 CrJNT I NUE 

35 VT=.44DO*DABS(l. D0-2.D0*Y(2) )**.8#5DO*DABS(Y(Z)/RST)**. 115DO 

8*(.179DO+.442DO*VT/Y(2~~*(.3n0+.4DO*Y~~~~/DABS~R~T~**.liFjD~~ 

YP(l)=(Bl*A22-B2*Al2)/DET 
YF(2)=182*All-B1)/DET 

GO TO 101 
80 CUNT I NUE 

100 RETURN 1 
10 1 CONT I NlJE 
1 10 CUNT I NUE 

RETlJRN 
END 
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SUBROUTINE GEOM 
1: 

C THIS ROUTINE I S  TO COMPUTE THE GEOMETRIC VALUES FOR GIVEN AIRFOIL 
C SHAPE 
C 

C 
IMPLICIT HEAL*8 (A-H,O-Z) 

COMMON/PLEO/STEADY,USEP,DSEP 
COMMON/BLKt/NSTEPS,NT,NE, NDO,NDl,ND2,ND3,MCASE, I P ( 4 0 )  
COMMON/BLK2/PI, TWOPI ,REY, KX, KY, THETA, SHIFT, DT, TECON 
COMMON/BLK3/PX ( 4 1  ) , PY ( 4 1  ) ,  CX ( 4 0 ) ,  CY ( 4 0 ) ,  S ( 4 0 ) ,  SP(41) , DSBD( 40) 
COMMON/BLK4/ESX ( 4 1  ) , ESY ( 4 1  ) , ENX ( 40). ENY ( 4 0 ) ,  ETN( 40) 
COMMON/BLKS/A (40,40) ,  B( 40,40), DW ( 4 0 ) ,  PERMA(40,40 ) 

CUMMUN/BLE&/UBX, UBY, OMEGA, THTO, THTMAX, FREQ, PLGMAX, RAMDA, RADIUS 

COMMON/BLK8/SIGMA (4O), GAM (40) ,  CP (40  ) 
COMMON/bLE9/TANVEL(4O),EDGVEL(40),~AMVEL(40) 
COMMON/BLEl 0/C IRCU, STAGPT, CONST, T ( 2.2 ) 
COMMON/bLKll/NTEV,NSPV,NWM~X,NOS~,NST~G 
COMMON/BLK12/TEVX(Z01) ,TEVY(201) ,TEVS(201) ,DSTE,TELS,TERS 
C I ~ M M U N / B L K ~ ~ / S P V X ( ~ ~ ~ ) , S P V Y ( ~ ~ ~ ~ , S P V S ( ~ ~ ~ ~ , D S S P  
COMMON/BLK14/TEZX,TE2Y,SP2Y,SPPS, SPX,SPY 
COMMON/BLElS/UXTE(201) ,UYTE(201),UXSP(201),UYSP(201) 

TEMPSP=O. DO 

TECON=TECON*. 0 1 DO 

DU 1000 E=l,NE 

CrJNMON/BLK7/URX ( 4 0  ) , URY ( 40 ) , C (40) ,  D ( 4 0 ) ,  E ( 40 ) , F ( 4 0 )  

c 

sr ( i ) =o. DO 

1: 

1:: 

C GET THE CENTROID LOCATION OF ELEMENT WRT BBF 
C 

CX(K)=.SD0*(PX(K)+PX(K+1)) 
CY(K)=.5Dn*(PY(K)+PY(K+l)) 
XDIST=PX(E+l)-PX(K) 
YDIST=FY(K+l)-PY(K) 
TEMP=DSQRT(XDIST*XDIST+YDIST*YDIST) 

1: 

C GET EACH ELEMENT SIZE 
1: 

DSBD ( K ) =TEMP 
TENPSP=TEMPSP+TEMP 
TEMPS-TEMPSP-.SDO*TEMP 

C 
C GET THE TANGENTIAL UNIT VECTOR OF EACH ELEMENT 
C 

ESX(K)=XDIST/TEMP 
ESY (K)=YDIST/TEMP 

c 
C GET THE TANGENT ANGLE WRT B.F.F. 
1: 

c 
C GET THE NORMAL UNIT VECTOR 
1: 

ETN(K)=DATAN2(ESY(K),ESX(K)) 

ENX(K)=-ESY(K) 
ENY(K)= ESX(K) 

c 
C GET THE SURFACE DISTANCE FOR CONTROL POINTS 
C 
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S(K)=TEMPS 

C GET THE SURFACE DISTANCE FOR BOIJNDARY POINTS 
1: 

SP(K+l)=TEMPSP 
1Oc)O CONTINUE 

c 
C GET THE TRAILING EDGE BISECTOR 
c: 

BISX=.SDO+(ESX(NE)-ESX(l)) 
BISY=.5DO*(ESY(NE)-ESY(l)) 
TEMPl=DSQRT(BISX*BISX+EISY*BISY) 
ESX(NE+2)=BISX/TEMPl 
ESY(NE+2)=BISY/TEMPl 
ENX(NE+2)=-ESY(NE+2) 
ENY(NE+2)= ESX(NE+2) 
CX(NE+2)=PX(l)+ESX(NE+Z)*TECUN 
CY(NE+2)=PY(l)+ESY(NE+Z)*TECON 

C 
WRITE ( 4,4000) 
WRITE (4,6010) (K, PX ( K )  , PY ( K )  , SP (K) , K = l  , NE+l)  
WRITE ( 6,4020 ) 
WRITE (4,4030) (K, CX (E)  , CY ( K )  , S(K), ENX ( K )  , ENY (E), ESX 

WRITE(4,COBO) ( K , C X ( K ) , C Y ( K ) , S ( K ) , E N X ( K ) , E N Y ( K ) , E ~ X  
& 

s( 

ESY ( K )  , K = l  , NE) 

ESY (K ) , E=NE+2, NE+2 ) 
C 

C 
RETURN 

E) , 

E),  

hOO0 FORMAT(// /16X,'ENDPOINTS'/ l~X, 'PX',  llX,'PY'., l l X , ' S P ' )  
6010 FORMfAT( l X ,  15,2X,F10.4,2X,FlO. 4,2X,F10.5) 
6020 FORMAT ( / / / l ox ,  "CX' ,7X,  'CY", lox, 'S' ,9X ,  'ENX' , bX, 'ENY ' , 8X, "ESX" , 

C030 FURMAT( ( l X ,  IS,ZX,2(F7.4,2X),2X,F7.4,4X,Z(F7.4,2X) ,2X,2(F7.4,ZX))) 
I% 6 X ,  'ESY' ) 

END 
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c 
C 
1: 

1: 

c 
c 

1: 

C 
c 
C 

5 / 1 7 / 8 4  5: 55: 55 A: WETVEL. FOR Page 1 

SIJBROUTINE GETVEL(POINTX,POINTY,VELX,VELY) 

THIS ROIUTINE I S  TI3 COMPUTE THE INDUCED NORMAL & TANGENTIAL VELOCITY 
DUE TO THE SOIJRCE & VORTEX DISTRIBUTIONS ON THE BODY & THE WAKE AT 
THE GIVEN POINT. I T  EXCLUDES THE INFLUENCE OF FREE STREAM AND THE 
MOTION OF BODY. 

1MFLIl:IT REALM (A-H,O-Z) 
L O G I C A L  STEADY, IJSEP, DSEP 

COMMI:rN/BLt:O/STEADY, USEP, DSEP 
COMMON/BLKl/NSTEPS,NT,NE, NDO,NDl ,ND2,ND3,MCASE, IF (40)  
COMMON/BLt~2/PI,TWOPI,REY,RX,RY,THETA,~HIFT,DT,TECON 
COMMON/BLK:3/PX ( 4 1  ) , F Y  ( 4 1  ) , CX ( 40 ) ,  CY ( 40 ) , S(  40), SP ( 4 1  ) , DSBD(40) 
COMMON/BLK4/ESX ( 4 1  ) , ESY ( 4 1  ) , ENX ( 4 0 ) ,  ENY ( 4 0 ) ,  ETN( 4 0 )  
COMMON/BLK5/A( 40,40),  B( 40,40),  DW ( 4 6 )  I PERMA(40,40) 
COMMON/BLKG/lJBX, IJBY, OMEGA, THTO, THTMAX, FREQ, PLGMAX, RAMDA, RADIIJS 
COMMON/BLK7/lJRX ( 4 0  1 , IJRY ( 4 0 )  , C ( 40 ) , D ( 40 ) , E ( 4 0 )  , F ( 40) 
COMMON/BLK8/SIGMA(40) ,GAM(4O), CP(4C)) 
COMMON/BLKY/TANVEL ( 4 0  ) , EDGVEL ( 4 0  ) , GAMVEL (40) 
COMMON/BLKlO/CIRCU, STAGPT, CONST, T ( 2 , 2 )  
COMMON/BLK11/NTEV, NSPV, NWMAX, NOSP, NSTAG 
COMMON/BLE12/TEVX (201 ) , TEVY (201 ) , TEVS(201) , DSTE, TELS, TERS 
COMMON/ELKl:~/SPVX(201),!~PVY(201) ,SPVS(201) ,DSSP 
COMNON/BLE14/TE2X, TE2Y, SP2X, SPZY, SPPS, SPX, SPY 
COMMON/BLK15/UXTE(201) ,UYTE(201) ,UXSP(201),UYSP(201) 

I N I T I A L I Z E  THE ARRAY 

VEL x =o . ti(:) 
VELY =(I. DO 
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C 
IF(NTEV.LE.0) GU TU 4000 
DISTX=TE2X-TEVX(l) 
DISTY=TEZY-TEVY(1) 
TEMESX=D I STX /DSTE 
TE:MESY=D ISTY /DSTE 
C'TEVX=. SDO* ( TE2X+TEVX ( 1 ) ) 
CTEVY=.5DO*(TE2Y+TEVY(l)) 
TEMPl=.SDO%(TELS+TERS) 
TEMP2=(TERS-TELS)/DSTE 
TEMPX=POINTX*T( l , l )+POINTY*T(Z,  1) 
TEMPY=POINTX*T( 1,2)+POINTY*T(2,2) 
CALL VORTEX ( CTEVX, CTEVY, TEMPX , TEMFY, TEMESX, TEMESY, 

IJWTEX=VVlX*TEMPl+VV2X*TEMF2 
UWTEY=VVlY*TEMPl+VV2Y*TEMP2 
AVELX=UWTEX*T( 1,l )+UWTEY+T( 1,2) 
AVELY=UWTEX*T(2,1)+UWTEY*T(2,2) 

VELX=VELX+AVELX 
VELY=VELY+AVELY 

IF(NTEV.LE. 1 )  GO TO 4000 
UWTEX=O. Is0 
I.JWTEY=O. DO 
DO 3000 1 =3, NTEV+ 1 

& DSTE, V V 1  X, V V l Y ,  VV2X, VV2Y ) 

I: 

C-------------------------------------------------------------------- 

CALL LMPVTX(2,I,TEVX(I),TEVY(I),TEMPX,TEMFY,VLX,VLY) 
UWTEX=UWTEX+VLX*TEVS ( I ) 
UWTEY=UWTEY+VLY*TEVS ( I ) 

3000 CONTINUE 
AVELX=UWTEX*T ( 1 , l )  +UWTEY*T ( 1,2 ) 
AVELY=UWTEX*T(Z, 1 )+UWTEY*T(2,2) 

VELX=VELX+AVELX 
VELY=VELY+AVELY 

u 

4000 CONT INUE 
c-------------------------------------------------------------------- 
C INDUCED VELOCITY DIJE TO THE VORTEX DISTRIBUTION ON SP WAKE 
c: 

I F  ( NSPV. LT . 1 ) GO TO 90(:)0 
IIWSFX=O. DO 
UWSPY=O. DO 
DO 7~100 r =2, NSW+ 1 

CALL LMFVTX(2,I,SFVX(I),SPVY(I),TEMPX,TEMFY,VLX,VLY) 
UWSPX=UWSPX+VLX*SPVS(I) 
UWSPY=IJWSFY+VLY*SFVS( I 1  
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CONTINUE 
AVELX=UWSPX*T ( 1 , l )  +IIWSFY*T ( 1,2) 
AVELY=UW!?PX*T(2,1 )+UWSPY*T(Z, 2 )  

VELX=VELX+AVELX 
V€LY=VELY+AVELY 
1:LiNT INCIE 

E: \ADAM\GETVEL. FOR Page 3 

END 
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SIJBROCITINE INPUT 
c 
C: THIS RC)CITINE I S  TO READ THE DATA FROM DATA CARDS 
1: 

IMPLICIT REAL31 (A-H,O-Z) 
REAL98 XSTA( 4 1  ) , PXTEM(10 1 ,  PYTEM (80) 
LOGICAL STEADY, IJSEP, DSEP 
CHARACTER A 1 , A?, A:3, A4 
CHARACTER34 BODY 

CDMMON/BLEO/STEADY, USEP, DSEP 
IXMMON/BLE 1 /NSTEPS, NT, NE, ND0 ND1, ND2, ND3, MCASE, I F  ( 40) 
COMMON/BLK2/PI,TWOPI,REY,RX,KY,THETA,SHIFT,[IT, TECON 
CUMMON/BLE3/PX ( 4 1  ) , PY (41 1 , CX (413 ) , CY ( 40 ) ,  S (40), SP ( 4 1  ) , DSBD ( 40 )  
C:OMMUN/ELK4/ESX (41 ) , ESY ( 4 1  ) , ENX ( 4 0 ) ,  ENY ( 4 0 ) ,  ETN(40) 
COMMON/BLK5/A(40,40) ,E(40,40)  ,DW(40) ,FERMA(40,40) 
COMMON/ELK6/UBXf UBY, OMEGA, THTC), THTMAX, FREG!, PLGMAX, RAMDA, RADIUS 
i~:OMMI~lN/BLK7/UKX ( 4 0  ) , lJRY ( 40 )  , C ( 4 0  1 , D ( 40 ) , E (40) , F ( 4 0 )  
COMMBN/BLK1/SIGMA(40) ,GAM(40), CP( 40) 
COMMON/BLK?/TANVEL ( 40 )  , EDCiVEL ( 40 ) ,  GAMVEL ( 40) 
COMMON/BLK1l~/CIRCl~l,STAGPT, CrJNST,T(2,2) 
C:OMMON/BLK 1 1 /NTEV, NSPV, NWMAX , NOSF', NSTAG 
COMMON/ELK12/TEVX(201), TEVY(201) ,TEVS 201 ) ,  DSTE, TELS,TERS 
Cl~MMON/BLK13/SPVX (201 ) ,SPVY (201 ) , SFVS 201 ) , DSSF 
CUMMrJN/BLK14/TE2X1 TE2Y, SFZX, SP2Y, SPPS SPX, SPY 
COMMON/BLK15/lJXTE(201) ,UYTE(201 ),lJXSP 201) ,lJYSF(ZOl) 

P 1 =::. 14 159265351373267 
TWijP 1 =2.DO+P I 
USEP=. FALSE. 
DSEP=. FALSE. 
NT=O 
N TE V =O 
NIi;PV=(j 

I: 

r= 

I:: 

C PRINT THE PROGRAM TITLE 
1: 

WRITE14,6000) 
c: 
C READ AND PRINT THE JOE TITLE 
c 

READ ( 5, 5000 ) 
WRITE ( 6,5000) 

C 
C READ DATA 
C 

READ( 5,55)10) NSTEPS, UT, NWMAX 
READ ( 5,5020 ) HEY, STEADY, TECON 
READ ( 5,5(:,30) NE, RX, RY,  THETA, A 1  , SHIFT 
READ ( 5,5040 ) BODY, NDO, ND 1, ND2, ND3 
READ ( 5,5070 ) MCASE, THTO, A 2 ,  OMEGA, A 3 ,  THTMAX , A4, PLGMAX , FREQ 
READ ( 5,5080 ) HAD I CIS, RAMDA 

c: 
THETA=-THETA 
THTO=-THTO 
OMEGA=-OMEGA 
THTMAX=-THTWOX 
SHIFT=-SHIFT 

1: 

c CONVERT THE DEGREES TO RAtlIENS I F  IT 'S I N  DEGREES 
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c 

1: 

c: 
I:: 

c 
c 
C 

I:: 

C 
1: 

CFACTR=PI/I~O. 130 
IF(Al .EB. 'D')  THETA=THETA*CFACTR 
I F  ( 42. EG!. '.D *' ) THTO=THT0*CFACTR 
I F  (As. EQ. 'D' ) OMEGA=OMEGA~CFACTR 
I F  (44. EL!. 'D" ) THTMAX=THTMAX*CFACTR 

GET THE SURFACE GEOMETRY FOR NACA SERIES AIRFOIL 

IF(BOUY.NE. 'NACA') GO TO 1 1 0  
100 CONTINUE 

READ X STATIONS WRT BFF 

READ( 5,5090 1 ( XSTA(K), K=l , NE/2+1) 
DO 1000 K=1, NE/2+1 

}:cK=NE+z-K 

CALL NACA UESCR I FTER FOR SURFACE NODE LOCAT IONS 

CALL NACAFM ( XSTA ( K ) , PY ( KK ) , NDO, ND1, ND2, ND3, SHIFT ) 
PX(K)=XSTA(E) 
PX(KK)=PX(K) 
PY ( K )=-FY ( KK ) 

CONT I NUE 
FY(l)=O.DO 
PY(NE+l)=O.DO 
GO TO 140 

THE SURFACE GEOMETRY FOR CYLINDER 

CONT I NUE 
IF(BODY.NE. 'CYLN') GO TO 130 
CONT I NIJE 
DO 1010 K=l,NE 

TEMP=-DBLE(K-l)3TWOPI/DELE(NE) 
PX ( K )  =. 5D0*tlCr3S ( TEMP ) +SHIFT 
PY ( K  ) =. 9DO+DSIN ( TEMP I 

C;ONl- I NClE 
F X ( N E + l ) = P X ( I )  
P Y ( N E + l ) = P Y ( l )  
1313 TI] i 4 Q  
CONT I NUE 

C GET THE SURFACE GEOMETRY FOR LAMINAR AIRFOIL 

READ( 5, SO50 ) ( XSTA (K) , K = l  , NE/2+ 1 ) 
NETEML=2B 
NETEMI-I=:>2 
READ(5,7000)(PXTEM(I),~YTEM(I),I=l,NETEML+NETEMU+l~ 
FORMAT ( 2F 10.5 ) 
DO 8000 I=l, NE/2+1 

DO 3002 J = l  , NETEML+l 
IF(XSTA(T).GE.PXTEM(J)f GO TO 8100 

CClNT I NIJE 
F X ( I ) = X S T A ( I )  
PPTEM=( XSTA ( I )-PXTEM ( J-1) ) / ( PXTEM ( J )-PXTEM ( 0 - 1 - 1 )  1 
PY(I)=FYTEM(J-l)+(PYTEM(J)-PYTEM(J-1) )*PPTEM 

CON7 I NClE 
DC) 8300 I=2,NE/2 
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DO 8004 J=NETEML+NETEMlJ+l , NETEML+l , -1 
IF(XSTA(I).GE.PXTEM(J)) GO TO 8102 

8004 CONT I N I X  
8102 FX(NE+2-I)=XSTA(I)  

fPTEM=(XSTA(I)-FXTEM(J))/(PXTEM(J+l)-FXTEM(,J)) 
PY(NE+2-I)=PYTEM(J)+(PYTEM(J+l)-PYTEM(J) )*PPTEM 

8300 CONT I NUE 
PX(NE+ l )=PX( l )  
FY( NE+ 1 1 =FY ( 1 ) 

140 CONT INUE 
c 
C PRINT THE INPIJT DATA 
c: 

WRITE ( h, 6010 1 NSTEPS, DT 
WR I TE ( 6,6020 ) HEY, STEADY, TECON 
WRITE (6,6030) NE, RX, RY, THETA, SHIFT 
WRITE (6, 6040)  BODY, ND0, ND1, ND2, ND3 
WRITE(b, 6050) MIZASE, THTO, OMEGA, THTMAX, PLGMAX,FREB, RADIUS,RAMDA 

RETURN 

6000 FORMAT .' 1 '' ,5 ( / ) , 18X , ' UNSTEAUY V I SCrJUS AERODY NAM I C MODEL '. , :3 ( / ) , 

5000 FURMAT 50H 1 
5010 FORMAT 15,F10.4, 15) 
5020 FORMAT El 1.3,l X , L l  , F10.4 ) 

5030 FClRMAT ( 13.2F8.5, F7.5, A1,  F8.5) 

1: 

c 

PJ: 25X, 'TEXAS TECH UNIVERSITY'/ / )  

5040 FORMAT(A4,1X,411) 
5050 FORMAT ( F8.5 ) 

5070 FORMAT( I5 ,F9.7,AlVF9.  7,Ai/f9.7,Al,F10.7,F10.7) 
5080 FORMAT ( 2F 10.4 ) 

hOl0 FORMAT(///' NSTEPS =', I5/' DT =',F10.5) 
6020 FIIRMAT ( ' REV =' , E l  1.3/' STEADY = ' , L1/ '' TE CONTROL PT = "' , F10.4, 

PJ: .' X CHORD') 

& F10.5/" SHIFT =',F10.5) 
6030 FORMAT(" NE = ' , IS / '  RX = ' ,F lO.S/ '  RY =',F10.5/' THETA =', 

k440  FORMAT ( " BODY =' , AS, 2X, 4 1  1 ) 
b050 FORMAT(' MtZASE =', I S / '  THTO =',F10.5/'. OMEGA =",F10.5/ 

g! ' THTMAX =',F10.5/'' PLGMAX =',F10.7/' FREG! =',F10.7/ 
& ,.' RhDIIJS =",F10.4/' RAMDA =',F10.4) 

c 
ENCI 
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IMPLIC IT  REAL*S(A-H,O-Z) 
CCiMMCtN/FIN/RST,FT,AT,GT,HT, XNS, XNL, XNT,TURB,NTM 
CUMMON/FOlJT/VT, SH, CF2 
C:OMMON/VEL/U( 150 1 , X ( 150), NS 
COMMON/ijLD/OAT( 1!50), ODSL( 150) ,OXNL,ONT,UNSEP, XSEP,OXSEP 
CUMMON/FTN/SPRT 
UIMENSION Y(2 ) ,YP(2 )  
[ti11 20 I=2,NS 
IF (X( I ) .GT .XNL)  GO TO 10 
c;tj TU 20 
CONTI IUJE 
NXL=I- l  

TU 30 
CONT I NUE 
CONTINUE 
fJJ,=Ll ( NXL ) + ( XNL-X (NXL 
RTHI=UI*THEI*REL 
RSTI=HI*RTHI 
DSLI=HI*THEI 

DLI=DSLI/DSDI 
CF21=4.13DO*(. 46300-DSDI ) /RSTI 

1 * ( U  (NXL+1 )-lJ(NXL ) ) / ( X (NXL+l ) - X  ( NXL ) ) 

lUSDI=( . 6 8 D O * H I - l . ~ t O ) / ( . 9 2 2 D 0 9 H I )  

RST=RSTI 
Y ( 1 ) =DSLI 
Y ( 2 1 =DSDI 
OP=O. Do 
ONT=O. DO 
WRITE(6,40) 
WRITE(G,50) NXL,XNL,UI,DLI,DSLI,THEI,HI,CF2I,RTHI 
NSlZNS-1 

X l = X  (NX ) 
X2=X(NX+l) 
IF(NX.EQ.NXL) Xl=XNL 
CALL GRAD(NX,DELT,Y(l)) 
CALL RKM44 (9100, X 1, X2, Y ,  1,l. OD-05) 
I F  ( Y  ( 1 ) . LE. 0. DO 1 Y ( 1 )=1.0D-06 
RST=CI(NX+l ) *Y ( 1  )*RSTI/DSLI/UI 

D E L = Y ( l ) / Y ( 2 )  
H=I.DO/(l.DO-SH) 
THE=Y( l ) /H  
RTH=RST/H 
lJE=lJ(NX+l) 
NXPl=NX+ 1 
WRITE (6,50) NXPl , X2, UE, DEL, Y ( 1 ) , THC, H, CF2, RTH 
FORMAT ( / /  1 X , ’NO. ’ ,7X, ‘X ’ , 3 X ,  ’U’ ,8X, ’DEL’, 7X, ’DLST’ ,6X, ’THET’ , 

87X, ‘H‘, BX, ’CF2”, 7X, ’RTH‘ 1 
FORMAT ( 1 X, I3,4X, BE10. :3 ) 
CONT I NLlE 
RETlJRN 1 
CONT I NIJE 
RETURN 
END 

DO 60 NX=NXL,NS1 

CF2=4.13DO* ( .463DO-Y ( 2 ) 1 /RST 
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SUBROUTINE LMPVTX (KASE, LAGE, XS, YS, XF, YF, VELX, VELY) 
1; 

C THIS ROIJTINE COMPUTES INDUCED VELOCITY FROM A LUMPED VORTEX 

IMPLICIT REAL*S (A-H,O-Z) 

IF(DIST.GE.RCORE) GO TO 220 
VEL=l.DO/(TWOPI*RCORE*R~O~E) 
GU TO 900 
VEL=1. DO/ (TWOPI*DIST2) 
GO TU 900 

TEMP=-DIST2/ (RCORE*RCORE) 
EGIFT=O. DO 
I F  ( TEMP. GT. -40. I30 ) EG I P T 4 . 7  1828 1828DO**TEMP 
VEL=(l.DO-EGIPT)/(TWOPI*DIST2) 
GO TO 90CI 

VELX=-VEL*DISTY 
VELY= VEL*DISTX 

RETClRN 
END 
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/ /  JOB (BONBLJ,7056,3,,100,,,1),'ALUMF-OSCIL',HEGION~l024~ 
/ /  EXEC FURTVCLG 
//FORT.SYSIN DD * 
c 

C 

c 
C 
C 

C 

C 

c 

C 

c 

C 

C 

c: 

C 

C 

C 

C 

C 

IMPLICIT REAL*8 (A-H,O-Z) 
L O G I C A L  STEADY,USEP,DSEP,SPHT 

COMMON/BLKO/STEADY, USEP, DSEP 
COMMON/BLK 1 /NSTEPS, NT , NE, ND0, ND 1 , NI32, ND3, MCASE , I P ( 40 ) 

CUMMON/BLK3/PX ( 41 ) , PY ( 41 ) , CX (40), CY (40) , S ( 40) , SP ( 41 1 , DSBD ( 4 0 )  

COMMON/BLE5/A(40,40),E(40,40),DW(40),PERMA(40,40) 
COMMON/BLK6/UBX,UBY,I3MEGA,THT0,THTMAX,FKE~,PLGMAX,HAMDA,RADIUS 
COMMON/BLK7/URX ( 40), UHY (40), C (40) D( 40), E(  40), F (40) 
COMMON/BLK&/SIGMA (40) , GAM (4(5), CP (40) 
COMMON/ELK9/TANVEL(40),EDl~VEL(40),l~AMVEL(40) 
COMMON/BLElO/CIRCU, STAGPT, CONST, T(2,Z) 
COMMON/BLKl l/NTEV, NSPV, NWMAX, NOSP, NSTAG 
COMMON/BLKlZ/TEVX (201 ) , TEVY (201 ) , TEVS (201 ) , DSTE, TELS, TERS 

CUMMON/BLK14/TE2X7 TEZY, SPZX, SPZY, SPFS, SPX, SPY 
Cc7MMON/BLKl5/UXTE(Z(~l) ,UYTEf201),lJXSP(201),UYSP(201) 

COMMON/BLK2/PI, TWUPI, REY, RX, RY, THETA, SHIFT, DT, TECON 

I ~ O M M O N / B L K ~ / E S X ( ~ ~ ) , E S Y ( ~ ~ ) , E N X ( ~ ~ ) , E N Y ( ~ ~ ) , E T N ( ~ ~ )  

COMMON/BLK13/SPVX(Z01) ,SPVY(201) ,SPVS(Zol) ,DSSP 

CALL  INPUT 

CALL  GEUM 

CALL  COEFA 

CALL  DECOMP 

CALL  COEFB 

NT=O 
10 CONTINUE 

CALL CPUTM (0, I TM ) 
TIME=DBLE(NT)*DT 
WRITE(G,6000) NT,TIME 

CALL  MOTION 

IF(NT.EQ.0) GO TO 100 

C A L L  WAKVEL 

CALL  TEGEOM 

CALL  SPGEUM 

CALL WAEINF 

C A L L  DECOMP 

100 CONT I NIJE 
C 

CALL  DWASH 
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SIJBROIJT INE MOT I ON 
c: 
C THIS ROIJTINE I S  USED TO CALCIJLATE THE MOTION OF BBF WRT IFF 

IMPLICIT REALM (A-H, 0 - Z )  

COMMON/BLKO/STEAUY, IJSEP, DSEP 
COMMON/BLKl/NSTEPS,NT,NE,ND0,NDl,ND2,ND~,MC~SE,IF(40) 
COMMON/BLK2/PI,TWOFI,REY,RX,RY,THETA,SHIFT,DT,TEC~N 
COMMON/ELE3/PX(4l) ,PY(41),CX(40),~Y(40),S(40),SP(4l) ,DSBD(40) 
COMMON/BLK4/ESX ( 4 1  1 ,  ESY ( 4 1  ) , ENX ( 4 0 ) ,  ENY ( 4 0  1 ,  ETN( 40  1 
COMMON/BLK5/A(40,40),E(40,40),DW(40),PERM~(40,40) 
COMMON/BLK6/UBX, UBY, OMEGA, THTO, THTMAX, FREQ, PLGMAX, RAMDA, RADIUS 
COMMON/BLK7/URX ( 40 ) , IJRY (40), C ( 4 0 ) ,  D( 46) ,  E ( 40 1 ,  F ( 40) 
COMMON/BLK8/SIGMA(40) ,GAM(40), CF(40)  
COMMON/BLK3/TANVEL ( 46 ) , EDGVEL ( 40 ) , GAMVEL ( 40) 
COMMON/BLKlO/CTRCU, STAGFT, CONST, T(2,2) 
COMMON/BLKl 1 /NTEV, NSPV, NWMAX, NDSP, NSTAG 

COMMUN/BLK1:3/SPVX (201 ), SPVY (201 ) , SPVS(201), DSSP 
COMMON/BLEl4/TE2X,TE2Y,SF2X,SP2Y,SFPS,S~X,~PY 
COMMON/BLKlS/IJXTE(201) ,UYTE(201) ,lJXSP(201) ,lJYSP(261) 

C 

COMMON/BLK12/TEVX(2Ol) ,TEVY(201) ,TEVS(201) ,DSTE,TELS,TERS 

I: 

I: 

C RECTI L I NEAR MOT I ON ( I F F  ) 

GO TO ( 100,206,300,400, Sc16 ) , MCASE 

C 
100 CONT I NlJE 

UEX=0. DO 
UBY=O. DO 
rJMEGA=C). DO 
WRITE ( 6,4000 ) 

GO TO 700 
c 
C OSCILLATION MOTION ( IFF) 
C 
200 CONT I NUE 

UBX=O. DO 
UBY=O. DO 
THETA=THTO+THTMAX*DSIN(FREQ*DT*DELE(NT)-.5U0*FI) 
OMEG~=FREQ*THTMAX*DCO~(FREQ*DT*D~L€(NT)-.~D0*PI) 

00 TO 700 
WR I TE ( 6, k*0 1 6 ) 

C 
C PLUNGING MOTION ( IFF)  
C 
300 CONT I NIJE 

~~Y=FLI~MAX+DSIN(FREQ~TWOP~~DT~DBLE(NT)) 
lJBY=PLGMAX9FREQ*TWOPI*DCOS(FRE~%TWijFI*DT*DBLE(NT)) 
IJBX=0. tI6 
WRITE (4,6020) 
GO Ti3 700 

C 
C PITCHING MOTION 
C 
400 CUNT INUE 

IF(THETA.EQ.THTMAX) GO TO 700 
UBX=O. 
UEY=O. 
THETA=THTO+UMEGA*DT9DBLE(NTI 
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IF(DABS(THETA).LE.DARS(THTMAX)) GO TO 3 3  
STi3P 

ARM=SQRT(RX%RX+RY*RY) 
RX=-ARM*DSIN(THETA) 
RY=ARM*DCOS ( THETA ) 
WRITE(6,6022) 
GO TO 700 

33 CONTINUE 

c 
C DARRIEUS MOTION 
c 

500 CONT I NUE 
TEMPl=FLOAT(NT)*DT/RADIUS 
TEMP2=DSIN(TEMPl)/RAMDA 
TEMP3=DCOS(TEMPl)/RAMDA 
TEMP4=TEMPZ/ ( 1. DO+TEMP3) 

c 
C CIBX, UBY.. . . + ; SAME DIRECTION TO THE FREE STREAM 
C THETA...... + ; C3IJT-WARD INCLINATION OF THE RELATIVE FLIJID VEL. 
c: 

UEX=-TEMP3 
m Y = o .  DO 
RX=-RADIUS*TEMP2 
RY=O. 130 
THETA=DF\TAN(TEMP4) 
OMEGA= ( TEMP3+ 1. DO/ ( RAMDA*RF\MDA 1 ) / 

WRITE(6,6024) 
8! (RADIUS*(l.D0+TEMP:3)~(l.D0+TEMP~)*(l.D0+TEMP4*TEMP4)) 

c 
c 

7 0 0  CONTINUE 
WRITE(6,6030) 
WRITE ( 6,4040 ) RX , RY, THETA, UBX , UBY, OMEGA, FREQ 

c 
C SET THE TRANSFORMATION MATRIX WHICH TRANSFORMS IFF TO BFF 
c 

T(l, l)=DCOS(THETA) 
T(1,2)=DSIN(THETA) 
T ( 2 , l  )=-T ( 1,2 ) 
T ' (2 ,2 )=T( l ,  1) 
WHITE(6,6050) 
WRITE (6,6060) ( T ( K ,  1 ) , T ( K, 2 ) , E = l  , 2 )  

c: 

C 
RETIJRN 

6000 FORMAT ( / / / " ***** RECTILINEAR MOT ION ***** ' / ) 
6010 FORMAT( / / / "  ***** OSCILLATING MOTION *****"/) 
6020 FORMAT ( / / / .' **it** PLUNG I NG MOT I ON ***** ' / ) 
6022 FORMAT( / / / '  ***** PITCHING MOTION '*****.'/) 
60:30 FC)RMFIT ( / 7 X , ' RX .' , '3 X I  " RY ,.' ,8 X , .' THETA '. ,7 X , '. lJBX ' , 8 X ,  

6040  FORMAT ( 7F 1 1.5 ) 
6050 FORMAT(///' *** TRANSFORMATION MATRIX * * * ' / I )  
6ObO FORMAT ( 2 ( 5X , E 12.5 ) ) 

END 

15024 FORMFIT( / / / '  ***** DARRIEUS MOTION *****'I) 

ec 'UBY",7X, 'OMEGA'.,7X, 'FREQ. ' )  

c 
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SIJBRUUTINE NACAGM ( X , Y ,  NDO, ND l  , ND2, ND3, SHIFT ) 

IMPLICIT REAL*8 (A-H,rJ-Z) 
REAL98 M C  , MT 

[IATA C O , C ~ , C ~ ,  1~:3,1:4,1~5/.23dYDO,-. 126DO,-.3516DO, .2843DO, 

c 

c 

& -. 1(31550,1. 1019DO/ 
c 
C INTERPRET THE NACA DESCRIPTION 
C 
I: MC:=MAX CAMBER 

C PMC=POSITIIjN OF MAX CAMBER 

C MT=MAX THICKNESS 

C R=NOSE RADIlJS 

C CALCI-ILATE THE THICKNESS 
C IF(X .EE. R )  GO TO 26 
C YT=DSQRT(R**2-(R-X)**2) 
1: GCl TO 25 

20 YT=MT*( CO*DSQRT ( X  ) +Cl*X+C2*X+92+C3*X+*~+I~4*X**4) /O. 2DO 
25 CONT I NIJE 

MI:=. 0 1 DO*NDO 

PMC=O. 1 DO*ND 1 

MT=O.lDO*NDZ+O.OlDO*ND3 

R=C5*MT*MT 

C C4LCULATE CAMBER AND SLOPE 
I F  ( PMC. NE. 0. DO. AND. MC . NE. 0. Is0 ) 
YC=0. DO 
DYCDX=S). DO 
cici TO 45 

:30 CONT I NCIE 
IF(X .ET. PMC:) GCi TO 40 

DYCDX=MC*2* (PMC-X ) /PMC**2 
GO TO 45 

DYCDX=MC*2. DO* (PMC-X ) / ( 1. DO-PMC**2) 

GO TO :36 

Yi:=MC+ ( 2 .  [lO*PMC*X-X**2) /PMC9*2 

4 0  YC=MC*( (l.D0-2.D09PMC)+Z.DO*PMC*X-X**2)/( l.DO-PMC992) 

45 CONTINUE 
C: COMPUTE THE SLIRFACE COORDINATES 

ANGLE=DATAN (DYCDX 
DELX=YT*DSIN (ANGLE) 
DELY=YT*DCUS (ANGLE ) 
X=(X+DELX)+SHIFT 
Y=-(YC-DELY 1 

RETURN 

END 

I: 

I; 
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SIJBROUTINE RKM44 ( *, T, TOUT, Y, NEQN, AESERR) 
i~*****************+******************************~ 

IMPLICIT REAL*8(A-H,O-Z) 
DIMENS1C)N Y ( 1 5 O ) ,  Y 1 ( 1 5 O ) ,  YO( 15O),  YF  ( lSO),  FE (5,150 ) 

COMMON/FTN/SFRT 
H=(TOUT-T)/256. DO 
ABE=0. DO 
E1T=c). DO 
CONT I NlJE 
DO 18 I=l,NEQN 
Y O ( I ) = Y ( I )  
TO=]' 
IF( (ARE/ABSERR).GT. l ,2DO)DT=.5D0*DT 
IF((ABE/ABSERR).LT.O.5~O)DT=~.DO~DT 
'IF (&BE. EQ. (3. DO) DT=H 
IF ( ( T+DT ) . GT. TOUT ) DTzTOIJT-T 
CAL.L F (* 100, T, Y , YF) 
DO 19 I=l,NEQN 
F E ( l , I ) = D T * Y F ( I )  
Y ( I ) = Y O ( I ) + F E ( l , I ) / 3 . D O  
T=TO+DT/3. DO 
C6LL F ( *loo, T, Y, YP) 
DO 20 111 , NEQN 
FE(2,  I)=DT*YF( I) 
Y ( I )=YO( I )+(FE(  1 , I )+FE(2, I ) ) /6. DO 
CALL F ( *100, T, Y , YF ) 

DO 21 I=l,NEQN 
FE(:3, I )=DT*YP( I) 
Y ( I )=YO ( I 1 + (FE ( 1, I ) +3.  DOWE (3,  I ) ) 18. DO 
T=TO+DT/Z. DO 
CALL F ( * 100, T, Y, YF ) 
DO 22 I=l,NEBN 
FE(4, I )=DT*YF( I )  
Y ( I ) = Y O ( I ) + ( F E ( l ,  1)-3.~O*FE(3,1)+4.DO*FE(4, I ) ) / Z . D O  
Y l ( I ) = Y ( I )  
T=TO+DT 
CALL F( 9100, T, Y, YP) 
ABE=O. DO 
tic1 23 1=1 , NEQN 
FE(5, I )=DT*YF( I) 
Y ( I )=YO( I )+(FE(  1, I )+4. DWFE(4,  I )+FE(5, I ) ) 16. DO 

C(<:sZ<:<:((i: NOTE: THE FOLLOWING L I M I T S  Y ( 1 ) TO + VALUES>>>>>>>>> 
I F  ( Y ( 1 ) . LE. 0.110) Y ( 1 )=l . OD-06 
ABEzDMAX 1 (ABE, DABS( Y ( I )-Y 1 ( I ) ) ) 
IF(TOUT.NE.T)GO TO 17 
GO TO 101 

.-I .-I 
~3 

100 RETIJRN 1 
101 CONTINUE 

RETURN 
END 
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SIJBROUT I NE SEFCAL 
c 
I: THIS R1:iUTINE IS TO CALCULATE THE SEFARATION POINT AND ITS SHEDDING 
I: VELOCITY. 
rJ 

IMPLICIT REAL98 (A-H,O-Z) 
LrJG I CAL STEADY, IJSEP , USEF , DATASF 
REALSS: VELTEM(40),STEMF(40) 

COMMON/ELKO/STEADY, USEF, DSEF 
I~OMMON/E!LK~/NSTEFS,NT,NE,ND~,ND~,ND~,ND~,MCASE,IF~~~~ 
COMMON/BLE2/FI, TWClFI, REY, RX, RY, THETA, SHIFT, DT, TECON 
COMMON/BLE3/PX (41 ) , PY ( 41 ) , CX ( 40). CY (40), S ( 40), SF ( 41 ) , DSBD ( 40) 
COMMON/BLK4/ESX(41),ESY(4l),ENX(40),ENY(40),ETN(40) 
COMMON/BLKS/A ( 40,40 ) , E! ( 40,40), DW ( 40), PERMA (40,40 ) 
COMMON/RLK6/lJBX, UBY, OMEGA, THTO, THTMAX, FREQ, PLGMAX, RAMDA, RADIIJS 
COMMON/BLK7/lJRX ( 40 1 , URY (40 1 ,I:( 40 1 , D;40) ,E (40 1 , F( 40) 
CDMMON/E!LK8/SIGMA ( 40). GAM ( 40), CF (40) 
COMMON/BLKB/TANVEL ( 40), EDGVEL (40) , GAMVEL ( 40) 
UOMMON/BLElO/CIHCU, STAGPT, CONST, T(2,2) 
CUMMON/bLKll/NTEV,NSFV,NWMAX,NOSP,NSTAG 
COMMClN/ELE12/TEVX (201 ), TEUY (201 ), TEVS(201), DSTE, TELS, TERS 
COMMON/BLEl:~/SFVX(20l),SPVY(201),SFVS(20l),DSSF 
CClMMON/E!LE14/TE2X,TEZY,SF2X,SF2Y,SFFS,SFX,SPY 
COMMON/ELKlS/UXTE(ZOl),~JYTE(2~~1 ),UXSF(20l),UYSF(201) 

DATASF=. FALSE. 

c: 

c 

C 
C SEFARATION POINT FROM THE STEADY SEFARATION DATA 
1: 

IF(.NOT.DATASF) GO TO 100 
CALL SFDATA(THETA,SPPS,SF(NE+l),USEP,DSEP) 
WRITE ( 4,6000 ) SFPS 
RETlJRN 

c 
C; SEFARATION ON THE UFFER SIDE OF AIRFOIL 
1: 

100 CONT I NUE 
CALL BNDL (EDGVEL, S ,  NE, STAGPT, REY, USFPS, USEF, NT, DT ) 

IF(USFFS.LE.SP(NE/2+1)) USFFS=SF(NE/2+1) 
IF(IJSPFS.GE.SP(NE)) USEP=.FALSE. 
IF(USEF) WRITE(G,6010) USFFS 

1: 

C SEPARATION ON THE LOWER SIDE OF AIRFOIL 

1: 

C 

loo(:) 
C 
C#### 

C 

DO 1000 K=NE, 1, -1 
VELTEM ( K ) =-EDGVEL ( NE-K+ 1 ) 
STEMF(K)=SP(NE+l)-S(NE-K+l) 

CONT I NUE 
STGTEM=SF(NE+l)-STAGPT 

CALL DBNDL ( VELTEM, STEMP, NE, STGTEM, REY, DSPPS, DSEP, NT, DT ) 
IF(DSEP) DSFPS=SP(NE+l)-DSPPS 
IF(DSPFS.GT.SP(NE/2+1)) DSFPS=SF(NE/Z+l) 
IF(DSPFS.LE.SF(2)) DSEP=.FALSE. 
IF(DSEF) WRITE(4,6020) DSPPS 

IF ( USEF. AND. DSEF ) GO TO 200 
IF(DSEP) SFFS=DSFFS 
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I F  ( IJSEP ) SPPS=USPPS 
RETURN 

C 
200 CONT I NIJE 

I F  ( THETA. LE. 0. DO) DSEF=. FALSE. 
I F  ( THETA. GT. 0. DO ) USEP=. FALSE. 
I F  ( DSEF ) SPPS=L?SF'PS 
I F  (IJSEF ) SPPS=USFPS 

RETlJRN 
WRXTE(6,6050) 

u 
6000 FORMAT( /"' STEADY SEPCIRATION POINT AT S =', F#.5/) 
6010 FORMAT(/' PREDICTED UPPER SEPARATION POINT AT S =',F8.5/) 
15020 FORMAT( /'. PREDICTED LOWER SEPARATION POINT AT S =', F8.5/) 
6050 FORMAT( /////. '  EXEUJTION STOPPED --- SEPARATION ON BOTH SIDES') 

C: 
END 
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SUBROUT INE SOLVE 
C 
C THIS ROUTINE I S  TO SOLVE THE SIMtJLTANEOUS EQUATIONS FOR THE SYSTEM 

I MPL I C  I T REAL98 
REAL@ Y(41)  
Lr3GICAL STEADY, IJSEP, DSEP 

( A-H, 0- Z ) 

COMMON/BLI=O/STEADY, ilSEP , DSEP 
COMMON/BLEl /NSTEPS, NT , NE, NDO, ND1, ND2, ND3, MCASE, I P  ( 4 0 )  
COMMON/BLK2/FI, TWOF I ,REY,RX,RY,THETA,SHIFT,DT,TECUN 
C O M M O N / B L E ~ / P X ( ~ ~ ) , P Y ( ~ ~ ) , C X ( ~ ~ ) ? I ~ Y ( ~ ~ ) , S ( ~ ~ ) , S P ( ~ ~ ) , D ! ~ B D ( ~ ~ )  
COMMON/BLK4/ESX ( 4 1 ) , ESY ( 4 1 ) , ENX ( 40  ) , ENY ( 40  1 , ETN ( 40  ) 
CrJMMON/BLE5/A(40,40), B( 40,4O), DW ( 4O), PERMA( 40,40) 

COMMON/BLE7/URX ( 4 0  ) , URY ( 4 0 ) ,  C( 40 ) , D( 40) ,  E (40) ,  F ( 40)  
COMMON/BLK8/SIGMA(40) ,GAM(40), CP(40) 
COMMON/BLE9/TANVEL ( 40 ) , EDGVEL ( 40 ) , GAMVEL ( 4 0 )  
COMMON/BLKlO/CIRCU, STAGPT, CONST, T(2,2)  
COMMON/BLKll/NTEV,NSPV,NWMAX,NOSP,NSTAG 
COMMON/ELK12/TEVX(201) ,TEVY(201) ,TEVS(201) ,DSTE,TELS,TERS 
COMMON/BLK 13/SPVX ( 20 1 ) , SPVY ( 20 1 ) , SFVS ( 20 1 1 , DSSP 
COMMON/BLE14/TE2X,TE2Y,SP2X,SF2Y,SPPS,SPX,SFY 
COMMON/BLK15/UXTE(201),UYTE(201) ,UXSP(201),UYSP(201) 

COMMUN/BLK&/UBX, IJBY, OMEGA, THT0, THTMAX, FREQ, PLGMAX, RAMDA, RADIIJS 

MSIZE=NE+l 
IF(NT.GE.1) MSIZE=NE+2 

Y (  1 )=DW( I P (  1) ) 
DO 1100 I=2,MSIZE 

Y ( I ) = D W ( I P ( I ) )  
DO 1100 J=l, 1-1 

Y ( 1  ) = Y ( I  ) - A (  I, J)*Y(*J) 
CONT I NIJE 
GAM(MSIZE)=Y(MSIZE)/A(M!~IZE,MIZE) 
I30 1300 I=MSIZE-1,1,-1 

G A M ( I ) = Y ( I )  
DO 1200 J=I+l, MSIZE 

GAM( I )=GAM( I ) - A (  I, *J)*GAM(,J) 
CONT INIJE 
G A M ( I ) = G A M ( I ) / A ( I , I )  

CONT I NUE 

1:: SAVE DISTURBANCE VELIXITY TO OLD PLACE AND GET THE NEW ONE DIJE TO 
C VORTEX DISTRIBUTION AND ADD TO RELATIVE MOTIONAL VELOCITY. 
C 

TELS=CiAM ( 1 ) +GAM ( NE+ 1 ) 
TERS=GAM(NE+Z) 
TEVS(2)=.5D09DSTE*(TELS+TER~) 
DO 1400 I=l,NE+2 

IF( I .EQ.NE+l)  GO TO 1400 
CALL GETVEL ( CX ( I ) , CY ( I ) , TEMPVX , TEMPVY ) 
EDGVEL(I)=(TEMPVX+URX(I))9ESX(I)+(TEMPVY+IJRY~I~~~ESY~I~ 

1400 CONT I NUE 
Lill 1420 I=l,NE 

6 7  
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GAMVEL ( I ) =TANVEL ( I ) -. 5DO+ ( GBM ( I ) +GAM ( I + 1 ) ) 
1420 CONTINCIE 

1: 

WR I TE ( b, 6000 ) 
WRITE I C., 60 10 ) 
W F i ' I  TE 6,6020 ) 

WR I TE ( b ,8030 ) 
WRITE (6, 6040) 

( K ,  C( K 1 ,  D ( K )  , E ( K )  , F ( K )  , DW ( K )  , K=1, MSI ZE 1 

( K ,  SIGMA ( K )  , GAM t K )  , TANVEL (E) ,  EDGVEL ( K )  , GAMVEL ( K )  
& , K= I ,  NE+2) 

IF'INT. EG!.O) GO TO 1450 
c: 

1: 

C: ilSE CENTER OF VORTICITY (COV) 
1: 

TEMP=C:OV ( TELS, TERS ) 
TEVX(2I=TEVX(l)+(TE2X-TEVX(l) )*TEMP 
TEVY(2)2TEVY(l)+(TE2Y-TEVY(l))*TEMP 

1: 

W f  I TE ( 6, ci 100 ) 
WR I TE ( 6 , G 1 1 0 ) 
I;:= 1 
WRITE (ts,612(I ) NT, K ,  TEVX ( K )  , TEVY ( K )  
IF(NTEV.GE.1) WRITE(6,6140)(NT,K,TEVX(K),TEVY(K),TEVS(K), 

g! K=2, NTEV+ 1 ) 

1: 

c: FIND THE STAGNATIUN FOINT WITH f4 LINEAR INTERPOLATION 
c: 

[lo 1&jO K=2,NE 
IF (EDGVEL ( K ) . GE. 0. DO. AND. EDGVEL ( E-1 ) . LE. 0. DO f GO TO 100 

1600 CONT I NI)E 
100 CONT I NUE 

N!:; T ~ I + } <  
STAGPT = S!E- l ) -EDGVEL(K-l)*(S(K)-S(K- l ) ) / (EDGVEL(K)- 

IF(STAGPT.LT.Sf(NSTAG)) NSTAGZNSTAG-1 
% EUGVEL(K-1)) 

WRITE ( G, 6060 ) STAGPT , NSTAG 
c 

68 
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RETIJRN 
c 
8000 FORMAT(///‘ **+** SURFACE DISTRIBUTION *****’) 
6010 F O R M A T ( / / 4 X , “ I D ’ , 9 X , ’ C ’ ,  14X, ‘D’, 14X,’E’,14X,’F‘,14X,‘DW’/) 
6020 FCIRMAT( ( l X ,  15,5(3X,F12.5))) 
6030 FORMAT ( / /4X, ’ I D  ’ , 7 X ,  ‘ SIGMh ’ , 1 1 X , ’GAM’, 1 1 X , ’TANVEL’ , 1 O X ,  “EDGVEL ‘ , 

6040 FORMAT( ( l X ,  15,5(3X,F12.5))) 

6060 FORMAT(‘ STAGNATION POINT AT S =’,F8.9,‘ ON’,IS,’TH ELEMENT‘/) 
6100 FORMAT(///33H ***** WAKE CHARACTERISTICS it**** / / )  
6110 FORMAT(/’  TE WAKE GEOMETRY‘//3X,’NT NO.’,8X,‘TEVX’,lOX;’TEVY’ 

& 10X,’GAMVEL‘/) 

6050 FORMCIT ( / / / *’ TOTAL C I RCIJALT I ON ON BODY =‘ , E 13 rn 5 /  / ) 

& , l O X ,  “TEVS‘ 1 
61 15 FORMAT ( / ”  SP WAKE GEOMETRY “ / / 3 X ,  ’NT NO. ’ , 8X, ’SFVX’ , lox, ’SPVY’ 

& , l o x ,  ‘.SPVS‘ ) 

4120 FORMAT(215,5X,El2.5,2X,El?..5,14X,’ TTTTTTTTTT’) 
612s FORMAT(215,5X,E12.S,2X,El2.5,14X,’ SSSSSSSSSS‘) 
61 4 0  FORMAT ( 21 5,5X, E 12.5,2X1 E 12.5,2X, E12.5, ‘ TTTTTTTTTT’ ) 

6145 FORMAT(215,5X,E12.5,2X,E12.S,2X,E12.S,’ SSSSSSSSSS’) 
C 
c 

END 
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SUBROUTINE SDIIRCE ( XS, YS, XF, YF, ESX, ESY, S, VS1 XI VS l  Y, VSLX , VSLY, 
8( VSRX , VSRY ) 

C 

1: 

C TH I S ROUT I NE COMPUTES THE INDUCED VELOC I TY DUE TO SOURCE D I STR I BUT1 ON 
C WRT BFF 
C 

IMPLICIT REAL38 (A-H,O-Z) 

TWOPI=2.D0*3.1415926535S?79267 
XDIST=XF-XS 
YD I STzYF-YS 

C 
C GET THE TANGENTIAL DISTANCE X I  AND THE NORMAL DISTANCE ETA FROM SOURCE 
C POINT TO FIELD POINT WRT SOlJRCE EFF 
C 

XI=XDIST*ESX+YDIST*ESY 
ETA=-XDIST*ESY+YDIST*ESX 
IF(DABS(XI).LE.l.D-O~.~ND.DAB~(ETA).LE.l.D-03) GO TO 500 
TEMPl=XI+.SDO*S 
TEMP2zX I -. 5D0*S 
ALPO=DATAN2 ( ETA, X I  1 
ALPl=DATANZ(ETA,TEMPl) 
ALP2=DATAN2(ETAvTEMP2) 
ROSQ=XI*XI+ETA*ETA 
RlSQ=TEMPl+TEMPl+ETA*ETA 
R2Sa=TENP2*TEMPZ+ETA*ETA 
IF(R1SQ.LE. 1.D-06) GO TO 

Z1=. SDO+DLOG(RlSQ/R2SB) 
Z2=. 5DU*DLOG( RlSB/RCtSQ) 
Z3=. 5DOsDLOG (ROSQ/RZSQ) 

IF(R2Sa.LE.l.D-06) GO TO 
300 
400 

IF(DABS(ETA).LE.l.U-03) GO TO 100 
Z4=ALPZ+LPl 
ZS=ALPO-ALPl 
Z 6=ALPZ-ALPO 

SlX=Zl/TWOPI 
SlY=Z4/TWOPI 
SLX=(XI+Z2-.5DO*S+ETA*Z5)/TWOPI 
SLY=(XI*ZS-ETA*ZZ)/TWOPI 
SHX=(XI*Z3-.5D03S+ETA*Z6)/TWOPI 
SRY=(XI*Zh-ETA*Z3)/TWOPI 
GO TO 200 

c 

C***** ETA EQUALS ZERO *+***C 
100 UONT I NlJE 

S1 X=Z 1 /TWOPI 
SlY=O.DO 

SLX=(XI*Z2-.5DO*S)/TWOPI 
SLY=0. DO 
SRX=(XI*Z3-.5D0*S)/TWOPI 
SRY =0 . DO 
GO TO 200 

IF (DABS( x I ) . LT. ( . mm) ) sly=. SDO 

C***** RlSQ EQUALS ZERO ****KC 
300 CONT I NUE 

SlX=-1.5DO 
SLX=. 75D0 
Z3=. 5DOwDLOG (ROSQ/RZSQ) 
SKX=(XI*Z3-.5U(~*S)/TWOPI 
SRY=-ETA*ZB/TWOP I 

7 Q  
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IF (ETA)  310,320,330 
310 SlY=-.25D0 

SLY=. 125DO 
00 TO 200 

:320 s 1 Y =O. DO 
SLY=(>. DO 
GrJ TU 200 

330 Sly=.  25D0 
SLY=-. 125DO 
GO TU 200 

I;***** R’ZSQ EQIJALS ZERO *****C 
400 CONT I NUE 

S l  X = l  . 5 D O  
SRX=. 75DO 
Z2=. SDC)*DLUG (RlSQ/ROSQ) 
SLX=(XI*Z2-.5DO*S)/TWOPI 
SLY=-ETA*Z’Z/TWUPI 
I F ( E T A )  410,420,430 

SF\rY=-. 12!jDO 
GO TO 2(:)0 

420 S 1 Y=O, DQ 
SKY=O. no 
GO TO 200 

430 S 1 Y =. 25DO 
SRY=.125CO 
1311 TO .??O 

410 Sly=-.  ZSDO 

C$+*++* StXQ EQUALS ZERO ++***I: 
500 CONT I NIJE 

s1 x=o. DO 
SLX=-. 5DO*S/TWOFI 
SLY=0 ‘ no 
SRX=.S’L x 
SRY=O. DO 

C*NOTE* NEXT 1 L INE * SIJRFACE IS ASSUMED TU BE CONVEX ONLY 

FROM SOURCE EFF TO BFF 
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DEG=DABS(THETA*llO. 130/3.14159265358979267) 
lJSEP= . FALSE. 
OSEP=. FALSE. 
IF(DEG.LE.ANG(1)) RETURN 
IF' ( THETA. GT . 0. DO ) DSEP=. TRUE. 
IF( THETA. LE. 0. DO) lJSEP=. TRUE. 
I MAX=22 
DO 100 I=2, IMAX 
IF(DEG.LT.ANG(1)) GO TO 110 
c7::ONT I NUE 
:SPPS=SEF(IMAX) 
I F  ( ISSEP ) SPPS=STOTL-SPPS 
RETURN 
CONTINUE 
S P P S = S E P ( I - 1 ) + ( S E P ( I ) - S E P ( I - 1 ) ) * ~ D E ~ - A N ~ ~ ~ I - l ~ ~ / ~ A N ~ ~ I ~ - ~ ~ ~ ~ I - ~ ~ ~  
I F  ( USEP ) SPPSSTDTL-SPPS 
RE:TURN 
ENI3 

7 2  
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SUBROlJT I NE SPGEDM 
c 
C THIS ROUTINE COMPUTES THE NEW SP WAKE GEOMETRY 
1: 

IMPLICIT HEAL+@ (A-H,O-Z) 
REAL98 CEX ( 4 1  ) , CEY ( 4 1  ) , CFX ( 4 1  ) , CFY ( 4 1  ) , CGX ( 4 1  1 ,  CGY (41) 
LOG I CAL STEADY, USEP, IUSEP 

1:: 

COMMON/BLKO/STEADY, USEF, DSEP 
COMMON/BLKl/NSTEPS, NT, NE, NDO, ND1 ,ND2,ND3, MCASE, I P ( 4 0 )  
COMMON/FLE2/PI,TWOPI,REY,RX,RY,THETA,SHIFT,DT,TECON 
COMMON/BLK.3/PX (41 ) ~ PY (41  ) , CX (40) ,  CY ( 4 0 ) ,  S(40) ,  SP(41) , DSBD(40) 
C I ~ I M M O N / B L K ~ / E S X ( ~ ~ ) , E S Y ( ~ ~ ) , E N X ( ~ ~ ) , E N Y ( ~ ~ ) , E T N ( ~ ~ )  
COMMON/BLKS/A (40,40 ) , B ( 40,4@), DW ( 40) ,  PERMA ( 40,4O) 
Cr3MMON/BLEG/lJBX, IJBY, OMEGA, THTO, THTMAX, FREQ, PLGMAX, RAMDA, R A D I U S  
CC3MMON/BLK7/lJRX ( 4 0 ) ,  IJRY ( 40 ) ,E ( 40) ,  D( 40) ,  E (4@),  F( 40)  
CUMMON/BLK8/SIGMA ( 40 ) , GAM( 40 ) , CF ( 4 0 )  
Ci~MMON/BLK'?/TANVEL ( 40) , EDGVEL ( 40) , GAMVEL ( 40) 
CI~IMMON/BLK~O/CIRCI~I, STAGPT, CONST, T(2 ,2)  
COMMON/BLKL 1/NTEV, NSPV, NWMAX, NOSP,NSTAG 
C:UMMON/BLKlZ/TEVX(201) ,TEVY(2@1),TEVS(201 ),DSTE,TELS,TERS 
COMMON/BLKlS/SPVX (201 ) , SPVY ( 201 ) , SFVS( 201 1 , DSSP 
COMMON/BLK14/TE2X7 TE2Y1 SP2X, SPZY, SPPS, SPX , SPY 
COMMON/BLK 15/lJXTE ( 20 1 1 , UY TE ( 201 ) , IJXSP ( 20 1 ) , IJYSF ( 201 ) 

IF(NSPV.EQ.0) GO TO 100 
C 

I: 

C COMF'UTE THE NEW SP kAKE GEOMETRY ( I F F )  
1:: 

I F (  .NOT. (1JSEF.OR.DSEP)) GO TO 220 
D i j  1 100 t(=NSPV+%, :3, - 1 

SPVX(K)=SPVX (E-1 )+IJXSP(K-l )*DT+RX 
SPVY (K ) =SPVY ( K- 1 ) +lJYSP ( K-1 ) *DT+RY 
SPVS ( K ) =SPVS ( K-1) 

1: 

C TEST THE CROSSING OF THE WAKE ELEMENT 

CALL  CROSS ( SPVX (K ) , SPVY ( K ) , T, RX, RY, SHIFT, NDO, ND1, ND2, ND3) 
CONT I NIJE 
130 TO 290 
CONTINUE 
130 1150 K=NSPV+l, 2, -1 

SPVX ( K  ) =SFVX ( K ) +lJXSF (E ) +DT+RX 
SFVY ( t< ) =SPVY (E 1 +UYSP ( K ) +DT+RY 

CONT I NIJE 
RETURN 
CONT I NUE 

C SHED NEW WAKE (IFF) s( INCREASE SF WAKE ELEMENT NUMBER BY 1. 
C 
100 CONT I NUE 

IF(.NOT. (USEP.OR.DSEP)) RETURN 
NSPV=NSFV+l 
IF(NSPV.GT.NWMAX) NSPV=NWMAX 

1: 

C FIND THE ELEMENT NUMBER WHERE THE SEPFIRFITION OCCURS 
C 

NOSP=O 
Dl3 1140 K=2, NE+1 

IF(SPFS.LT.SP(K)) GO TO 310 
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1 160 CONTINUE 
3 1 lj Nt3SP=K-1 

c: 
C FIND SEPARATION POINT WRT EFF 
1:: 

PRINT +, .'. .'' 
PRINT +, ''NI:ISP =",N[lSP, '' (----- ELEMENT NO. WHERE SEP. OCCUR" 

1: 

C A V O I D  THE CASE WHEN THE SEPARATION OCCURS AT THE CENTER POINT 
1:: 

TERR=4, [I-3 
TEMP=SPPS-S(NOSP) 
I F  (DABS ( TEMP ) . LE. TERR ) SPPS=S ( NOSP ) +TERR*TEMP/DABS ( TEMP ) 

1: 

C LOCATION I N  CENTER POINT-WISE 
1: 

I F ( SPPS. GT. S ( NOSP 1 ) NTEMP=NOSP 
IF(SPPS. LT. S ( NrJSP 1 ) NTEMP=NOSP-l 
RATIOl=(SPPS-S(NTEMP))/(S(NTE~P+l)-S(NTEMP)) 

C LOCUTICIN I N  EOCINDARY POINT-WISE 
1: 

1: 

C SEPARATION POINT WRT BFF 
1: 

RATIO=(SPPS-SP(NOSP) )/(SP(NOSP+l)-SP(NOSF)) 

SPX~PX(NOSP)+RATIU+(PX(Nt~SP+I)-PX(NOSP)) 
SPY=PY ( NClSP) +RATIO+ (PY (NC3SP+l) -PY ( NOSP ) 1 

c 
C TRANSFORM THE SEPARATION POINT WRT I. F. F. 
1: 

SFVX(l)=SPX+T(l, l)+SPY+T(2,1)+RX 
SPVY(l)=SPX+T(1,2)+SPY*T(2,2)+RY 

C 
C FIND THE SEPARATION SHOOTING VEL. AND I T S  STRENGTH 
c: 

SEPVEL=EDGVEL(NTEMP)+RnTI019(EDGVEL(NTEMP+l)-E~GVEL(NTEMP)) 
SPVS(2)=-.5DO+SEPVEL*SEPVEL*DT 
D!s!SP=EtABS ( SEPVEL ) +UT 

1: 

C TRANSFORM THE SEPARATION VORTEX VELOC I TY WRT E. F. F. 
1: 

TANGLE=36. DOSF I / 180. n0 
USP=SEPVEL*DCOS ( TANGLE ) 
VSP=UABS(SEPVEL)*DSIN(TANGLE) 
SEPDVX=USP+ESX(NOSP)-VSP*ESY(NOSP) 
SEFDVY=CISP*ESY ( NOSP ) +VSP*ESX ( NOSF) 
IF(SEFDVX.GE.0.DO) GO TO 444 
SEPBVX=O. no 
SEPDVY=DABS ( SEPVEL 1 

444 CONTINUE 
1: 

C THE SEPARATION VORTEX VELOCITY WRT I.F.F. 
c 

SPWUX=SEPDVX*T ( 1 , l )  +SEPDVY*T ( 2 , l )  +lJBX 
SPWlJY=SEPDVX+T(1,2)+SEPDVY+T(2,2)+UBY 

c 
I:: NEW POSITION OF THE SEF WAKE WRT I.F.F. 
1: 

SP2X=SPWUX*DT+SPVX(l) 

74 
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SP2Y=SPWUY+UT+SFVY(l) 
TEMP=l. Is0 
SPVX(2)=SFVX(l)+(SF2X-SPVX(l))*TEMP 
SPVY(Z)=SPVY(l)+(SP2Y-SFVY(l) )+TEMP 

c 
WRITE(&, 4 U O O )  SFPS, NT, SPX, SPY,SEPVEL,SEPDVX, 

e< SEFDVY,REY 
c: 

1:: 

RETURN 

GOO0 FORMAT(//lX, 'SEP POINT WRT SURF. COOR.='.,FL.:3, ' NT=", I 4 /  
& 1X;"SEP POINT WRT BODY F. FRAME =',2(F6.3,3X)/ 
& l X ,  "SEPARATION EIlGE VELOCITY =', F 1 . W  
& lX,"SHOOTING VECTOR WRT f3.F.F = " , 2 ( F 1 . 5 , 3 X ) /  
PC 1 X ,  'REYNOLD NUMBER =' , E 1 5 . 5 / /  ) 

C 
END 

75 
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SUBROUTINE STAG ( REL , H I ,  THE I ) 

IMPLICIT REfiL*8(A-H,O-Z) 
COMMON/VEL/U(150),X(l50),NS 
COMMON/FIN/RST, FT, AT, GT, HT, XNS, XNL, XNT, TIJRB, NTM 
COMMON/PTN/SPRT 
DC! 10 I=l ,NE; 
I F ( X ( I ) . G T . X N S )  GO TO 20 

10 CrJNT I NUE 
20 1-1 I =u ( I ) 

XNL-X ( 1) 
XSL=XNL-XNS 
HI=2.21bDO 
T I =. 29234D0 
REXI=UI+XSL+REL 
THEI=Tl*XSL/REXI*+0.5DO 
RETURN 
END 

CY9999*999*99+~+****9+**+*++9#~***++9*9*9**~ 
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SIJBRUIJTI NE TEGEOM 
c 
C THIS RClUTINE COMPUTES THE NEW TE e( SP WAKE GEOMETRY 
1: 

C 
IMPLICIT REAL*8 (A-H, 0 - Z )  

COMMON/BLKO/STEADY, USEP, DSEF 
I:OMMON/BLK~/NSTEPS,NT,NE,NDO,NU~,ND~,ND~,MCASE, I F ( 4 0 )  
COMMON/BLK2/PI,TWOPI,REY,RX,RY,THETA,SHIFT,DT,TE~ON 
COMMON/BLK3/PX ( 4 1  ) , PY ( 4 1  ) , C X  ( 4 0 ) ,  CY ( 4 0 ) ,  S( 4 0 ) ,  SP( 41  ) , USED( 40) 
COMMON/BLK4/ESX(41) , ESY ( 4 1  ) , ENX(4(3), ENY (40) ,  ETN(40) 
COMMON/BLK5/A(40,40) ,B(40,40) ,DW(40) ,PERMA(4(3,40) 
COMMON/BLKt/UBX, UBY, OMEGA, THTO, THTMAX, FREQ, PLGMAX, RAMDA, RADIUS 
COMMON/ELK7/iJRX ( 4 0 ) ,  IJRY ( 4 0 ) ,  C (40) ,  D(40) ,  E ( 4 0 ) ,  F(40) 
COMMON/PLE8/SIGMA(40) ,GAM(40) ,CP(40) 
CUMMON/BLK9/TANVEL ( 4 0 ) ,  EDGVEL ( 40 ) , OAMVEL( 40) 
COMMON/ELKlO/CIRCU, STAGPT, CCINST, T(2 ,2)  
COMMON/BLK 1 1 /NTEV , NSFV, NWMAX , NOSF, NSTAG 
CClMMON/ELK12/TEVX (201 ) , TEVY (201 ) , TEVS(201) , DSTE, TELS, TERS 
C0MMON/BLKl3/SFVX(201),SPVY(201),SPVS(ZOl),DSSF 
COMMON/BLKl 4/TE2X1 TE2Y1 SPZX, SP2Y, SPPS, SPX , SPY 
COMMON/BLE1S/UXTE(201),UYTE(20l),UXSP(20l~,~JYSF~201~ 

IF(NTEV.EB.0) GO TO 100 
c 

C 
C COMPUTE THE NEW WAKE GEOMETRY ( I F F )  
I: 

DU 1 100 K=NTEV+2,3, - 1 
TEVX(K)=TEVX(K-l)+IJXTE(K-l)*DT+RX 
TEVY(E)=TEVY(K-l)+UYTE(K-l)*DT+RY 
TEVS(K)=TEVS(K-l) 

c 
C TEST THE CROSSING OF THE WAKE ELEMENT 
1: 

C A L L  CROSS( TEVX (K ) , TEVY ( K )  , T, RX , RY, SHIFT, NI30, NDl , ND2, ND3) 
1100 CDNTINUE 

C 
C: SHED NEW WAKE ( I F F )  b INCREASE TE WAKE ELEMENT NUMBER BY 1. 
c 

100 CONTINUE 
NTEV=NTEV+l 
I F  (NTEV. GT. NWMAX 1 NTEV=NWMCIX 
VELAVG=EDGVEL(NE+2) 

DSTE=VELAVG*DT 
TEVX(1)=PX(1)*T(1,1)+FY~l~*T(2,l)+RX 
TEVY(l)=PX(l)*T(l,2)+FY(l)*T(2,2)+RY 
TEMX=DSTE*ESX(NE+2) 
TEMY=DSTE*ESY(NE+Z) 
TE2X=TEMX*T(l,1)+TEMY*T(2,l)+TEVX(l)-UBX*DT 
TE2Y=TEMX*T(1,2)+TEMY*T(2,2)+TEVY(l)-lJEY*DT 

RETURN 

C 

C 
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SUBROUTINE TRANS (*, SH, RST, XN, XNS, XNT, Y, NTM ) 
c****w***+**+Y+*3************************~**~*************~; 

IMPLICIT REAL*8(A-H,O-Z) 
COMMON/OLD/OAT( 15O),ODSL( 150) ,OXNL,ONT,ONSEP,XSEP,OXSEP 
COMMON/BLI/Hf ,THE1 ,RTHI 
CUMMON/FTN/SPRT 
DIMENSION Y ( 2 )  
IF(SH.GE. (l.DO-l.DQ/3.9DO)) GO TO 10 
H=l.DO/(l.DO-SH) 
RTH=RST /H 
THE=Y ( 1 ) /H 
REX=RST*(XN-XNS)/Y(l) 
IF(REX.EQ.0.DO) GO TO 20 
KHS=1.174D0*(1.D0+22400.DO/REX)*DA~~(REX)**~.4~D0 
IF(RTH.GE.RHS) GO TO 10 
GtIt TO 20 
IF(DFLOAT(NTM).EQ.ONT) GO TO 20 
XNT=XN 
UNT=DFLOAT ( NTM 1 

FORMAT(4X, ’THE TRANSITION POINT (XNT)=’,E12.5) 
HI=H 
I F  (HI .  GT. 2.76DO ) H I  =2.76130 
CONT I NUE 
THE1 =THE 
RETURN 1 
CONTINUE 
RETURN 
END 

WRITE(4,30) XNT 
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SUBROUTINE TSEP(*,SH,XN,Y,NTM) 

IMPLICIT REAL+B(A-H,O-Z) 

COMMON/OLD/OAT( 150), ODSL( 150) ,OXNL, ONT,DNSEF, XSEP,OXSEP 
COMMON/PTN/SPRT 
DIMENSION Y ( 2 )  
H=l. DO/ ( 1. DO-SH) 
RHS=1. D@+l. DO/ ( 1. DO-Y ( 2 )  1 
IF(H.GE.RHS) GO TO 10 
GO TO 20 

OXSEP=XSEP 
XSEF =XN 
ONSEP=DFLOAT(NTM) 
SF'RT = .TRUE. 
WRITE (6,30) XSEP, H, RHS 

C99+99~93++3*++9~+999~9+~+*++9+~9~99+*9***+~ 

LOGICAL SPRT 

10 IF(DFLOAT(NTM).EU.ONSEP) GO TO 20 

30 FORMAT(4X, 'INTERMITTENT SEP POINT (XSEP) =",E12.5, 
5( 2X, '.H =',E12.S,2X, 'RHS =',E12.5) 

RETIJRN 1 
2@ CONT I NUE 

RETURN 
END 
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SUBROUT I NE TIJRBL ( DELT, H I ,  THE I, REL f 

IMPLICIT REAL*A(A-H, 0 - Z )  
COMMON/FIN/RST, FT, AT, GT, HT, XNS, XNL, XNT, TURE, NTM 
COMMON/FOlJT/VT, SH, CF2 
COMMON/VEL/U( 15O), X (  150) ,NS 
CIIMMUN/~LD/OAT(~~O),ODSL(~S~),OXNL,ONT,ONSEP,XSEP,OXSEP 
COMMON/PTN/SPHT 
DIMENSION Y(2 ) ,YP(2 )  
0 XNT=OXT 
Di l  20 I=Z, NS 
IF(X( I f .GT.XNT) GO TO 10 
GO TO 20 

1 0  CONT I NIJE 

C*******~*****"****W**************+*+#*~**+*~***#*+++*~ 

NXTZI-1 
Gtzt TO 30 

20 CONT I NIJE 
3 3  CONTINUE 

UI=U(NXT)+(XNT-X(NXT)) * (U(NXT+l ) -~ l (NXT)) / (X(NXT+l ) -X(NXT))  
RTHI=UI+THEI*REL 
RSTI=HI*RTHI 
DSLI=HI*THEI 
DSDI=(. SDO*HI-1. DO) / ( 1.3DO*HI ) 
DLI=DSLI/DSDI 
CF2I~O.05lD0*DABS~1.DO-2.DO+DSDI~**l.732D~/DAES~R~TI/DSDI~ 

RST=RST I 
Y ( l ) = D S L I  
Y (Z)=DSI)I 
WRITE ( 6,50 
NSi=NS- 1 
DCi 60 NX=NXT,NSl 
X l = X  (NX ) 
X'Z=X(NX+l) 
IF(NX. Ea. NXT) Xi-XNT 
CALL GRAD (NX , DELT, Y ( 1 ) ) 
CALL R KM44 ( 9100, X 1, X2, Y, 2, I. O D - 0 5 )  
RST=U(NX+l)*Y(l)*RSTI/DSLI/UI 
CF2=.lhH1DO*VT*DABS(VT) 
DEL=Y( l ) /Y(2)  
H=l .  DO/ ( 1. DO-SH) 
THE=Y( l ) /H  
RTH=RST/H 
UE=U ( NX+ 1 ) 
N XP 1 =NX + 1 
WHITE (4,50) NXPl , X2, UE, DEL, Y ( 1 ) , THE, H, CF2, RTH 

6**.2hSD0*DABS(l.DO-2.DO~DSD~)/(I.DO-2.D0*DSDI) 

NXT, XNT, U I  , D L I  , DSL I, THE1 , H I ,  CF2 I, RTHI 

50 FORMAT(lX,I3,4X,AE10.3) 

100 CONT I NIJE 
kd2 CONT I NUE 

RETURN 
END 
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SUBROUTINE VORTEX( XS, YS, XF, YF, ESX, ESY,S, VVlX, V V l Y ,  VV2X , V v 2 Y )  

IMPLICIT REAL*8 (A-H,O-Z) 
C 

C 
C THIS ROUTINE COMPUTES THE INDUCED VELOCITY DUE TO VORTEX DISTRIBUTION 
C WRT BFF 
C 

TWOP I=2. D093.14 15926.5358979267 
XDISTzXF-XS 
YUIST=YF-YS 
IF(S.LE..OOSDO) GCI TO 700 

C 
C GET THE TANGENTIAL DISTANCE X I  AND THE NORMAL DISTANCE ETA FROM SOIJRCE 
C POINT TO FIELD POINT WRT SOURCE EFF 
c 

XI=XDIST*ESX+YDIST*ESY 
ETA=-XDIST*ESY+YDIST*ESX 
I F  (DABS ( X I  ) . LE. 1. D-03. AND. DABS (ETA). LE. I .  D-03) GO TO SO0 
TEMP 1 =X I + .5DO*S 
TEMP2zX I-. SDO*S 
ALP1=DATAN2(ETA7TEMP1) 
ALPZ=DATAN2(ETA,TEMP2) 
RlSQ=TEMPl*TEMPl+ETA*ETA 
R2SQ=TEMP2*TEMP2+ETA*ETA 
IF(R1SQ.L-E. 1.D-(16) GO TO 300 
IF(R2SQ.LE. 1.0-06) GO TO 400 
Z2=.5D0*DLOG(RlSQ/R2SQ) 
IF(DABS(ETA).LE.l.D-03) GO TO 100 
Zl=ALPL-ALP2 

VlX=Zl/TWOPI 
VlY=Z2/TWOPI 
VZX=(XI*Zl+ETA*Z2)/TWOPI 
V2Y=(XI*Z2-S-ETA*Zl)/TWOPI 
GO TO 200 

C 

I:***** ETA EQUALS ZERO +****C 
100 CON1 INUE 

VlX=U. DO 
VlY=Z2/TWOPI 
V2X=O. DO 
V2Y=(XI*ZZ-S)/TWOPI 
GO TO 200 

e***** ~ i s a  E~UALS ZERO **++*c 
300 CONT I NUE 

VlY=-1.5DO 
my=.  75130 
I F  (ETA ) 310,320,330 

310 VlX=.25D(3 
V2X=-.12SDO 
GO TO 2(]0 

m:, v i  x=o. DO 
v2x=o. DO 
GCi TO 200 

330 VlX=-.  25DO 
V2X=.12SDO 
GO TU 200 

C***** R2SQ EQUALS ZERO *****C 
400 CCJNT I NIJE 

VlY=l.SDO 
V 2 Y  =. 75DO 
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IF (ETA)  410,420,430 
410 VlX=.2SDO 

V2X=. 125D0 
GO TO 200 

420 VlX=O.DO 
v2x=0. DO 
GO TO 200 

V2X=-. 125DO 
GO TO 200 

4 3 0  VlX=-.25DO 

C***** ROSQ EQUALS ZERO *****E 
500 CONTINUE 

V l Y = 0 .  DO 
v2x=0. DO 
V2Y=-" a / T W OF I 

I F  ( ETA ) 530,530,5:30 

GO TO 200 

C*NOTE* NEXT 1 L INE * SURFACE I S  ASSUMED TO BE CONVEX ONLY 

510 VlX=.SDO 

520 VlX=O.DO 
GO Ti l  200 

530 v 1 x=-. 5D0 
13l:l TO 200 

c 

1: 

C TRANSFORM THE VELOCITIES FRUM SOURCE EFF TU BFF 

200 CONT I NUE 

c 

c 

u 
700 

1: 

C 

VVlX=VlX+ESX-VlY*ESY 
VVlY=VlX*ESY+VlY*ESX 
VV2X=V2X*ESX-V2Y*ESY 
VV2Y=V2X*ESY+V2Y*ESX 

RETURN 

CONTINUE 
RDIST=XDIST*XDIST+YDISl*YDIST 
VVlX=-YDIST*S/(TWOPI*RJlIST) 
VVlY= XDIST*S/(TWOPIwRDIST) 
vv2x=0. DO 
vv2Y=(., . DO 
RETURN 

END 
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. 

SIJBROUT I NE WAK I NF 
0 
C THIS ROUTINE CALCULATES THE CONTRIBUTION OF THE TE AND SF'-WAKE TO 
1: THE NORMAL DOWNWASH AT THE CENTROID OF BODY SIJRFACE ELEMENT 
c: 

IMPLICIT REAL98 (A-H, 0 - Z )  
REAL*S TEMADD ( 40 ) , SPMADD ( 40) 
LOGItXL STEADY, IJSEP, DSEP 

1: 

COMMON/BLKO/STEADY, USEP, DSEP 
COMMON/BLKl/NSTEPS,NT,NE,NDO,NU1,NUZ,ND3,NCASE,IP(4~) 
COMMON/BLK2/PI, TWOPI, REY, RX, RY, THETA, SHIFT, DT, TECON 
COMMON/BLK3/PX ( 41  ) , PY ( 41 ) , C X  ( 40) ,  CY ( 40) ,  S ( 4 0  1 ,  SP ( 4 1  f , DSBD ( 40)  
COMMON/BLK4/ESX ( 41  ) , ESY ( 41 ) , ENX (401, ENY ( 4 0 ) ,  ETN( 40)  
COMMllN/ELK5/A(40,40) ,B(40,40) ,DW(40) ,PERMA(40,40) 

COMMON/BLK7/URX ( 4 0 ) ,  IJRY ( 4 0 ) ,  C( 40) ,  D( 40) ,  E(4O), F ( 4 0 )  
COMMON/ELK#/SIGMA(40),GAM(40),CP(40) 
Ct3MMON/BLK9/TANVEL (40), EDGVEL ( 40) ,  GAMVEL ( 40) 
COMMON/ELKlO/CIRCU,STA~FT,CONST,T(2?2) 
t~OMMON/BLK11 /NTEV, NSPV, NWMAX , NOSF, NSTAG 
Ci~tMMON/BLK12/TEVX(201) ,TEVY(201) ,TEVS(201) ,DSTE,TELS,TERS 
C I ~ ~ M M O N / B L K ~ ~ / S P V X ( ~ ~ ~ ) , S P V Y ~ ~ ~ ~ ) , S F V S ~ ~ ~ ~ ~ ~ , D S S P  
COMMON/BLE14/TE2X, TE2Y, SF'2X, SF'2Y, SPFS, SPX, SPY 
CtlMMON/BLE15/UXTE(201 ),UYTE(201 ),UXSP(201) ,IJYSP(201) 

MSIZE=NE+Z 

CUMMON/BLKG/UBX, IJBY, OMEGA, THTO, THTMAX, FREQ, PLGMAX, RAMDA, RADIUS 

c 

C 
C I N I T I A L I Z E  THE DOWNWASH ARRAY 
c 

DO 1000 I=l,MSIZE 
E(  I )=0. DO 
F(I)=O.DU 

1000 CONT I NIJE 
c 
C DOWNWASH DUE TO THE FIRST TE WAKE ELEMENT 
c 

TEMVX=.SD0*(TE2X+TEVX(l)) 
TEMVY=.SDO*(TE2Y+TEVY(l)) 
CTEVX=TEMVX*T(l,l)+TENVY*T(1,2)-RX 
CTEVY=TEMVX*T(2,1)+TEMVY*T(2,2)-RY 
DU 1010 I=l,MSIZE 

IF(I.EQ.NE+l) GO TO 1010 
CALL VORTEX(CTEVX,CTEVY,CX(I),CY(I),ESX(NE+2),ESY(NE+2)? 

CCX=.SD0*VVlX-VV2X/DSTE 
CCY=. 5DO*VV1 Y-VVZYIDSTE 
CDX=. 5D09VV1 X+VV2X/DSTE 
CDY=. SDQ*VVlY+VV2Y/DSTE 
TEMADD(I)=CCX*ENX(I)+CCY*ENY(I) 
A(I,NE+2)=CDX*ENX(I)+CDY9ENY(I) 

& DSTE,VV1X,VV1Y7VV2X,VV2Y) 

1 C) 10 CONT I NIJE 
TEMADD ( NE+ 1 ) =. 5tWDSTE 
A ( NE+ 1, NE+2 ) =. 5D09DSTE 

1: 

C DOWNWASH FROM THE LUMPECi TE WAKE 
C 

IF(NTEV.LE. 1 )  GO TO 2000 
DO 1030 J=B,NTEV+l 

TEVXBzTEVX ( J  )*T ( 1,l )+TEVY (*-I )+T ( 1,2 1-RX 
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TEVYB=TEVX(J)*T(2,1)+TEVY(J)*T(2,2)-RY 
DO 1023 I=l,MSIZE 

IF(I.EQ.NE+l) GO TO 1020 
CALL LMPVTX(2, J, TEVXB, TEVYB, CX ( I ) , C Y  ( I ) , VELX, VELY) 
E(I)=E(I)+(VELX*ENX(I)+VELY*ENY(I))*TEVS(OJ) 

1020 CONT INIJE 

1030 CONT I NClE 

2000 CONT I NlJE 

E (NE+1 )=E (NE+1 )+TEVS ( J  ) 

c: 
c----------------------------------------------------------- 
C: DOWNWASH FROM THE LUMPED SP WAKE 
c 

2025 CONT I NUE 
IF(NSPV.LT. 1) GU TO 3000 
DO 2030 J=2, NSPV+ 1 

SPVXE=SPVX(J)*T( l , l )+SPVY(J)*T( l ,2 ) -RX 
SPVYB=SPVX(J)*T(2,1)+SPVY(*J)*T(2,2)-RY 
Uc! 2040 I=l,MSIZE 

IF(I.EQ.NE+l) GO TO 2040 
CALL LMPVTX(2,J,SPVXB,SPVYE,CX(I),CY(I),VELX,VELY) 
F(I)=F(I)+(VELX*ENX(I)+VELY*ENY(I))*SFVS(J) 

2040 CUNT I NUE 

2030 CONTINUE 

:3000 CONT I NClE 

F(NE+l)=F(NE+I)+SPVS(J) 

c: 
c----------------------------------------------------------- 
C SETUP THE NEW MATRIX A 
c 

130 3110 I=l,MSIZE 
DO 3120 *J=2, NE 

3120 A(I,J)=PERMA(I,J) 
A(I,l)=PERMA(I,l)+TEMADD(I) 
A(I,NE+l)=PERMA(I,NE+l)+TEMADD(I) 

31 10 iXNTINlJE 

4000 CONT I NUE 

7000 CONTINUE 
70 10 CONT I NIJE 

C 

c 

C 

C 

C 

RETURN 

A000 FORMAT(' ROW', 13,9(1X,E10.4,1X),50(/7X,9(lX,El0.4,1X) 1 )  

END 
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SUBROUT INE WAKVEL 
c 
c: THIS RCrUTINE I S  TO COMPUTE THE INDUCED 
I: DUE TO THE ENTIRE SINGULARITIES I N  THE 
c: 

c 
IMPLICIT REAL98 (A-H,O-Z) 

COMMON/BLKO/STEADY,USEP.nSEP 

E: \ADAM\WAKVEL. FOR Page 1 

VELOCITIES OF THE WAKE ELEMENTS 
FLOW FIELD. 

COMMON/BLK1/NSTEPS; NT, NE, NDO, ND1, ND2, ND3, MCASE, I P (  40) 
Ci:iMMON/BLK2/PI, TWOPI, REY, RX, RY, THETA, SHIFT, DT, TECON 
COMMON/BLK3/PX(41),PY(41),CX(40),CY(40),S(40),SP(4l),DSED(40) 
COMMON/BLK4/ESX ( 4 1  ) , ESY ( 41 ) , ENX ( 40  ) , ENY ( 40  ) , ETN ( 40)  
COMMON/BLK5/A(40,40) ,B(40,40) ,DW(40) ,PERMA(40,40) 
CCtMMUN/PLKG/UBX,UBY,OMEGA,THTO,THTM~X,FRE~,PLGMAX,RAMDA,RADIUS 
I ~ O M M U N / B L K ~ / U R X ( ~ ~ ) , U R Y ~ , C ( ~ O ) , C ( ~ ~ ) , D ( ~ ~ ) , E ( ~ ~ ) , F ( ~ ~ )  
CCiMMON/BLKI/SIGMA(40),~AM(40),CP(4~) 
COMMON/BLKP/TANVEL(40),ED~VEL(40),~AflVEL(4~) 
COMMON/BLKlO/CIRCU,STAGPT,CONST, T(2,2) 
COMMON/BLKl l/NTEV, NSPV, NWMCIX, NOW, NSTAG 
CCIMMON/BLK~~/TEVX(~~~),TEVY(~~~),TEVS(~~~),DSTE,TELS,TERS 
COMMON/BLK13/SPVX(201) ,SPVY(201) ,SPVS(20l ) ,D~~P 
COMMON/BLK14/TEZX,TE2Y,SP2X,SPZY,SPPS,SPX,SPY 
COMMC]N/BLK 15/UXTE ( 201 ) , IJYTE ( 201 >, UXSP ( 20 1 ) , UYSP ( 20 1 ) 

c 
C GET THE INDUCED VELOCITY DUE TD THE SINGULARITY DISTRIBUTION I N  THE 
C FIELD 
C 

IF(NTEV.LE.0) GO TO 1010 
Dl3 1000 K=2, NTEV+ 1 

TEVXB=TEVX ( K  ) *T ( 1,l )+TEVY (E) *T ( 1,2 )-RX 
TEVYB=TEVX(K)*T(2,1)+TEVY(K)*T(2,2)-RY 
CALL GETVEL(TEVXB,TEVYB,TEMPU,TEMPV) 
TEMPiJ=TEMPI-I+T ( 1 , l )  * ( 1. DO-JJBX ) -T ( 1,2 > *UBY+OflEGA*TEVYB 
TEMPV=TEMPV+T(2,1)*(1.DO-UEX)-T(2,2)*~~EY-~MEGA*TEVX~ 
UXTE(K)=TEMPU+T(l,l)+TEHPV*T(2,1) 
UY TE ( K ) =TEMPU*T ( 1,2 ) +TEMPV*T ( 2,2 ) 

1000 CONTINUE 
1 0  10 CONT I NUE 

c 
C GET THE INDUCED VELOCITY DUE TO THE SINGULARITY DISTRIBUTION I N  THE 
C FIELD 
C 

IF(NSPV.LE.0) GO TO 1110 
DO 1100 K=Z,NSPV+l 

SPVXB=SPVX(K)*T(l, l)+SPVY(E)+T(1,Z)-RX 
SPVYE=SPVX(K)*T(2,1)+SPVY(K)*T(2,2)-RY 
CALL GETVEL(SPVXB,SPVYB,TEMFU,TEMPV) 
TEMPU=TEMPU+T(l,l)*(L.DO-UEX)-T~l,~)*UBY+~ME~A*S~VYE 
TEMPV=TEMPV+T(2,1)*(l.DO-UBX)-T(Z,2)*UEY-~MEGA*SPVX~ 
lJXSP(K)=TEMPU*T(L,l)+TEMPV*T(2,1) 
UYSP( K )  =TEMPU*T ( 1,2) +TEMPV*T ( 2,2 ) 

1100 CONTINUE 
11 10 CONTINUE 

1: 

c 
RETURN 

END 
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